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DISCLAIMER 
No endorsement of commercial products is intended. 
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GENERAL INTRODUCTION 
Pigs typically suffer from high mortality rates, disease rates, 
and reduced growth performance after being weaned from the sow. They 
are especially susceptible to these problems when weaned at 3 weeks of 
age. 
There have been a number of studies on the effects of air 
temperature on the well being of weanling pigs, but they have generally 
ignored the effects of air velocity or tried to limit air velocity to a 
low value. Studies that have included the effects of air velocity on 
young pigs generally worked with individual pigs and did not allow for 
the group behavioral adjustment that pigs can make for adverse thermal 
environments when in typical production systems. 
Being able to subject weanling pigs to various air velocities and 
temperatures in facilities similar to typical production systems would 
yield useful information on how to design ventilating systems for this 
age pig. Determining reliable indicators of environmental stress on 
young pigs would also be a useful evaluation tool for future research. 
The objectives of this study are; 
1. Develop test chambers for subjecting weanling pigs (3-5 weeks 
old) to various air velocities and air temperatures. The chambers are 
to house groups of pigs under typical production conditions so results 
can be applied directly to industry. 
2. Develop an experimental procedure to efficiently determine the 
effects of air velocity and temperature on productivity and stress 
levels of weanling pigs. 
3 
3. Subject weanling pigs to one range of air velocities and 
temperatures in the environmental chambers to analyze the design and 
make recommendations for further studies with these chambers and the 
experimental design. 
Explanation of Dissertation Format 
This dissertation is presented in the alternate format as 
specified by the Thesis Office at Iowa State University. It contains 
two papers. The first paper discusses the first objective and the 
second paper discusses the last two objectives. For completeness, this 
dissertation has an Appendix which contains the raw data from the 
second paper. The Appendix is not referenced in either of the papers. 
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SECTION I. ENVIRONMENTAL CHAMBER DESIGN 
Gerald Lee Riskowski, M.S. 
Dwaine S. Bundy, Ph.D. 
From the Department of Agricultural Engineering, 
Iowa State University, Ames, lA 50011 
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ABSTRACT 
A design is presented for environmental chambers to subject 
weanling pigs to various air velocities and temperatures. The chambers 
are designed to represent typical production systems with raised deck 
nurseries. They can house 8 pigs/pen, have wire mesh flooring, and 
have nipple waterers and nursery pig feeders for ad libitum water and 
feed consumption. A design and calibration procedure is given for 
achieving uniform air velocity distribution throughout the pen area. 
Fresh air can be injected into the chambers at various rates. An 
animal behavior monitoring system can take pictures of the animals 
automatically at any interval of time. Four of these chambers have 
been built and are housed in the AISI Swine Research building located 
at the Iowa State University Swine Nutrition Farm. 
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INTRODUCTION 
Many producers are weaning pigs at an early age (3 weeks) to 
better utilize their capital investment in buildings and breeding 
animals. However, these early-weaned pigs (weanling pigs) tend to 
suffer from high rates of diarrhea, disease, mortality, and reduced 
growth productivity. There are many factors that stress weaned pigs. 
Thermal environment is one of the largest. Cold stress can reduce the 
pig's growth performance and induce diarrhea. There is some evidence 
that it can affect the pig's immune system (Armstrong and Cline 1977; 
Kelley 1982; Kelley et al. 1982; Kelley 1983). 
Air temperature is typically used as the only measure of cold 
stress, but air velocity, temperature of surrounding surfaces, and air 
humidity also influence the pig's thermal environment. It is not 
uncommon to find pig mortality rates of 20 percent or higher in 
commercial units where the cause is identified as "draft" related. 
Many research papers state that "drafts" must be minimized or 
eliminated (Le Dividich et al. 1982). Gordon (1962) stated that in 
assessing the environment of a swine building, the effect of airflow on 
an animal's comfort is at least as important as temperature. Le 
Dividich and Aumaitre (1978) stated that because of the considerable 
magnitude of convective heat losses from weanling pigs, air velocity is 
an important factor to consider in addition to air temperature. They 
concluded by saying that parameters like air velocity must be 
investigated. Orr (1981) summarized research on floor types and raised 
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decking for weanling pigs at the NPPC Symposium in 1981. A review of 
this paper revealed that, although air velocity was considered 
important, none of the researchers measured it or tried to hold it 
constant between trials except to provide solid pen partitions to 
reduce airflow between pens. 
Information is lacking on the effects of various air velocity and 
air temperature combinations on weanling pigs in pens where they are 
free to huddle and adjust their behavior to account for cold stress. 
Most environmental studies on pigs have been only on the effects of air 
temperature, and most of these have been on larger growing pigs 
(Mangold et al. 1967). Some studies have been done on the growth 
performance of weanling pigs at various temperatures. Le Dividich and 
Noblet (1982) reported that, 6 to 15 kg pigs had, on the average, a 
reduced average daily gain (ADG) of 12 g for each degree centigrade 
below 28 C. Jacobson et al. (1984) reported a 6 g/C increase in ADG 
for weanling pigs raised at 25 C over those raised at 15 C and a 
decrease of 12 g/C from 25 C to 30 C on the average. However, these 
results were not statistically significant. Feed intakes were about 
the same at 15 C, 20 C, 25 C, and 30 C. Feed conversion efficiency (kg 
gain/kg feed) was lower at 15 C cUid 30 C than at 20 C and 25 C. 
Neither of these research reports mentioned the air velocities. 
Of the research projects that have studied the effect of air 
velocity and temperature on swine growth productivity, most have been 
done on larger growing pigs. Bond et al. (1965) studied the effects 
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Of 0.18 m/s, 0.76 m/s, and 1.52 m/s on 36 to 127 kg pigs in the 
10.0-37.8 C temperature range. They found that high air velocity 
significantly affected weight gains especially at low temperatures. 
Gunnarson et al» (1967) studied the effects of 0.05-0.15 m/s air 
velocity on 44 to 98 kg pigs and found that air velocity had a 
significant effect on average daily gain. Mount et al. (1980) 
measured the effect of air temperature and velocity on pigs with mean 
initial weight of 23.2 kg. They found that for this size pig, varying 
air temperature from 8 C to 20 C had no significant effect on weight 
gain, but increasing air velocity from 0.1 m/s to 0.8 m/s at 12 C 
resulted in reduced weight gain. They also stated that the 
environmental condition of "still air" is where natural convection 
predominates over forced convection and occurs for this weight pig at 
an air velocity less than 0.1 m/s. The pigs were in groups of 4 to 8 
and allowed to huddle. They stated that forced convection raises the 
convective heat transfer coefficient considerably. However, they noted 
that the increase in the coefficient value is offset some by changes in 
posture cind by increased huddling. Hacker et al. (1979) studied the 
effects of air velocity and temperature on the growth productivity of 
pigs weaned at 21 to 25 days. However, the pigs were allowed to adjust 
to experimental conditions for 10 days before data collection was 
started, so the critical period immediately following weaning was not 
reflected in the results. Also, the pigs were penned in groups of four 
so huddling was limited relative to typical production systems which 
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have at least twice as many pigs in a pen. Nienaber et al. (1985) 
analyzed past research on the effect of temperature on the growth 
productivity of young pigs and found much variability in results. They 
stated that some of the variation was due to the period of growth over 
which studies were conducted. Some of the studies avoided the first 
two weeks after weaning which are the most critical because of changes 
in environment and diet and mixing of animals. They concluded that 
studies which exclude the initial post-weaning period might show a 
greater growth rate and little response to the environment and that 
pigs penned individually had a greater response to environment than 
group-penned pigs. 
We need to know air velocity thresholds at various air 
temperatures to design better environmental control systems for 
weanling pigs. Some air velocity past the animal is desirable to 
remove exhaled products and disease organisms, but too much air 
velocity is undesirable because it may remove too much heat and chill 
(stress) the pig. Compromises have to be made and more information is 
required on the effects of air velocity to determine the optimum 
compromises. 
Also, it is becoming a common practice to preheat ventilating air 
before forcing it into the animal room. Preheating the air offsets the 
effect of drafts on young pigs. It would be helpful to quantify the 
amount of temperature rise required to compensate for a certain air 
velocity. 
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The objectives of this study are; 
1. Develop test chambers for subjecting weanling pigs (3-5 week 
old) to various air velocities and air temperatures. The chambers 
house groups of pigs under typical production conditions so the results 
can be applied directly to industry. 
2. Develop an experimental procedure to efficiently determine the 
effects of air velocity and temperature on productivity and stress 
levels of weanling pigs. 
3. Subject weanling pigs to one range of air velocities and 
temperatures in the environmental chambers to analyze the design and 
make recommendations for further studies with these chambers and the 
experimental design. 
This paper (Paper I) will discuss the first objective. Paper II 
will discuss the last two objectives. 
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ENVIRONMENTAL CHAMBER DESIGN 
Four chambers were built to house eight weanling pigs per chamber 
under typical production conditions. The inside dimensions of the 
2 
chambers are 118 cm x 118 cm which provides 0.17 m /pig. Midwest Plan 
2 
Service (1983a) recommends 0.186 m /pig for pigs at 3 to 6 weeks of 
age. Many producers raise 8 weanling pigs in a pen about 122 cm x 122 
cm as indicated in Midwest Plan Service (1983b). 
The sidewalls of the chamber are constructed with 0.95 cm plywood 
on the outside, 3.8 cm of rigid foam insulation in the center, and 1.9 
cm plywood on the inside. The 1.9 cm plywood is coated with a thin 
layer of silicone caulk in the pig area for protection and 
cleanability. The walls are insulated so the inside surfaces stay 
close to the chamber air temperature and thus prevent high radiant heat 
gain or loss between the pigs and the walls. Wall corners are sealed 
with silicone caulk to prevent air leakage. 
The flooring of the pig area is commercial woven wire mesh with a 
slot size of 1.5 cm x 4.5 cm. Midwest Plan Service (1983a) recommends 
fully slotted floors and non-concrete slats for weanling pigs and woven 
wire mesh flooring has been very popular for young pigs among 
producers. The flooring is supported by 1.9 cm disuneter galvanized 
steel pipe spaced 29.5 cm apart. 
Manure and urine pass through the wire mesh flooring and are 
stored at the bottom of the chamber until they are flushed out. The 
manure storage pit is designed to be flushed and washed approximately 
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every 3-1/2 days. There is 46.4 cm from the flooring to the bottom of 
the chamber on the average. Four 20.3 cm polyvinyl chloride (PVC) 
ducts are located 11.4 cm below the flooring to draw air out of the 
chamber. 
At the maximum air velocity in the chamber, the airflow rate would 
3 
be (0.40 m/s x 1.18 m x 1.18 m) = 0.56 m /s. The total cross-sectional 
2 
area of the four ducts is 0.13 m , so the maximum air velocity in the 
3 2 ducts would be (0.56 m /s / 0.13 m ) = 4.3 m/s. This air velocity 
requires a static pressure across the duct of 0.11 cm of water column. 
Enough holes were drilled into the bottom of each duct to equal the 
duct cross-sectional area divided by 0.6. The 0.6 value allowed for 
the vena contracta effect. The chamber bottom is constructed the same 
as the walls and is covered with a sloping sheet of 0.95 cm plywood. 
The inside plywood slopes down towards one corner at about a 5 degree 
angle so fluid can flow to a 5.1 era PVC drain pipe when flushing the 
pit. The pit bottom and sides are coated with a thin layer of silicone 
caulk and all corners are well sealed with silicone caulk to prevent 
leakage. The front panel of the pit area is removable to allow access 
for thorough cleaning of the pit. There is a 22.9 cm high board just 
inside the front removable panel to hold fluids in when the front panel 
is off. 
One 1.3 cm diameter stainless steel nipple waterer is mounted on 
the middle of one chamber wall 25.4 cm up from the flooring to the tip 
of the waterer. The nipple waterer slopes downwards at a 45 degree 
angle to make it easier for the pigs to drink. 
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Two 2-hole commercial nursery pig feeders are in each chamber. 
This meets Midwest Plan Service's (1983a) recommendation for a maximum 
of 2 pigs/feeder space. The feeders are located side-by-side on the 
floor against the sidewall opposite the waterer as shown in Figure 1. 
There is a 55.9 cm x 24.1 cm board 11.4 cm below the feeders to salvage 
some of the spilled feed. The board extends 12.7 cm beyond the front 
of the feeders and 10.2 cm beyond the side of the feeders. The board 
is 8.3 cm from the sidewall to allow some airflow behind it. A door of 
about 60 cm X 60 cm is in the front wall of the chamber for access into 
the pig area. The bottom of the door is about 23 cm up from the 
flooring and the door is centered in the wall. The door has overlaps 
on the outside that seal against foam weather stripping to prevent air 
leakage. It is held in place with two bar latches across the front and 
has a 28 cm X 28 cm transparent plastic window to allow viewing of the 
pigs. The remainder of the door is insulated. The window has two 
layers of plastic and is covered with plywood most of the time to 
prevent outside activities from disturbing the pigs. 
Two 7-watt incandescent light bulbs are mounted 68.6 cm above the 
flooring on the sidewall opposite the camera mount and are 30.5 cm 
apart. Each light is enclosed in a hardware cloth cage to protect it 
from the pigs. One light operates continuously to provide illumination 
for the cameras at all hours. The other light is controlled by a timer 
and operated from 6:00 a.m. to 6:00 p.m. One timer is used to control 
the lights in all four chambers. With one light on there is 9 lux of 
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illumination on the flooring at the center of the chamber; with two 
lights there is 10 lux of illumination. 
Air Movement System 
A centrifugal fan on top forces air into the chamber downward past 
the pigs, through the flooring, and out the chamber through four 20.3 
cm PVC ducts under the flooring. See Figure 2. Downward airflow was 
chosen because many ventilating systems inject air at the top of the 
room and exhaust it out of the pit. This air is often drawn downward 
through the slats and past the animals. Many multi-deck systems also 
move air downward through the decks. Since the volume of air required 
to create the desired air velocity throughout the chamber exceeds the 
required amount of fresh air, most of the air exhausted is recycled 
back into the chamber. Air from the 20.3 cm diameter PVC ducts 
exhausts into a plywood duct behind each chamber which carries the air 
back up to the fan. The fans used to move air through the chamber are 
Dayton Models 4C054 and 7F731. The model 4C054 can move around 0.37 
m^/s of air at 1 cm static pressure across the fan. This would give a 
maximum air velocity of 0.37 m^/s / (1.18 m x 1.18 m) = 0.266 m/s 
throughout the chamber. The larger fan (model 7F731) has to resist 
higher static pressures because it is moving air faster through the 
chamber. The larger fan moves 0.77 m^/s of air at 1.5 cm static 
pressure across the fan. This would give a maximum air velocity of 
0.77 m^/s / (1.18 X 1.18) = 0.553 m/s throughout the chamb'er. The fan 
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speeds are controlled with a variable transformer to get the desired 
air velocity. 
A number of measures were taken to get uniform air velocities 
throughout the chamber. If the air velocities were not essentially the 
same at every point of the chamber cross-section, the pigs would move 
to the lower velocity areas and spend most of their time there, 
especially for sleeping. This would give inaccurate results because 
the pigs would respond as though they were in an environment with a 
lower air velocity than the average in the chamber. Also, if a 
relatively high air velocity occurred at the feeder or waterer it might 
reduce the time spent at these locations and affect the pigs' response. 
Hultgren and Hazen (1971) reported that 34-38.5 kg pigs ate less when 
air was directed to the feeder and drank more when air was directed to 
the waterer. 
Initial attempts to make the air velocities uniform throughout the 
chamber included forcing air into the top of the chamber via two 20.3 
cm PVC ducts with uniformly distributed holes. The air then passed 
through masonite pegboard. Although these relatively simple measures 
helped air distribution considerably, there was still considerable 
variation in air velocities throughout the chamber cross-section. The 
air velocity readings also oscillated considerably due to air 
turbulence. Numerous approaches were tried in an attempt to get a more 
uniform distribution of air velocities before the following system was 
developed. 
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The most important component of the air distribution system is the 
45.7 cm high aluminum air straightener (Figure 3). The air 
straightener is made from 22 gage (0.6438 mm) aluminum sheets fitted 
together to partition the chamber cross-section into 10.2 cm x 10.2 cm 
channels. The air straightener channels were sized according to the 
recommendations given in AMCA Standard 210-74 (ASHRAE Standard 51-75). 
These standards specified that the space between the straightener 
sections not exceed 0.075 x D, where D is the equivalent diameter of 
the square chamber as given by; 
D = SQRT(4ab/flr) 
D = SQRT(4 X 118 cm x 118 cm / tt) 
= 133.2 cm 
0.075 X 133.2 cm = 10 cm 
The aluminum sheets were taped together with duct tape. The bottom of 
the air straightener is 76 cm above the wire mesh flooring. 
An aluminum fly screen (18 x 16 mesh) is on top of the air 
straightener to act as a settling means. This screen greatly reduces 
oscillations in air velocity measurements near the flooring and thus 
reduces air turbulence there. 
A 7.6 cm high air straightener is on top of the screen and 
masonite peg board is on top of the 7.6 cm air straightener. The peg 
board has 0.64 cm holes every 2.54 cm in both directions and is used to 
balctnce the air velocities throughout the chamber. Balancing is done 
by enlarging or plugging holes above each air straightener section as 
needed and will be discussed more later. 
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Above the peg board, the chamber top slopes inward toward the fan 
at about a 45 degree angle. The fan forces air directly into the 
chamber top. There is a 30.5 cm x 50.8 cm baffle 25.4 cm below the fan 
outlet to better distribute the air before it reaches the pegboard. 
The baffle is made from a furnace filter on top of fly screen so some 
air can pass through. 
The fan is installed on top of the pyramid roof of the chamber and 
is enclosed in a plywood box. A duct on the back of each chamber 
carries air from the 20.3 cm PVC outlet ducts to the fan box to form a 
closed loop for the airflow. Fresh air is injected into this duct at 
the rate recommended by Midwest Plan Service (1983a) which is 9.44 x 
-4 3 -3 3 
10 m /s per pig (7.55 x 10 m /s per chamber). 
The adequacy of this ventilation rate was checked using the 
moisture balance method as presented in Midwest Plan Service (1983c). 
This method assumes that the moisture level is the controlling factor 
in cold weather ventilation design. The equation for calculating 
ventilation rate is: 
Q = (V/3,600 s/h)(W / («2 - Ml) 
where Q = ventilation rate, m^/s 
V = specific volume of air, m^/kg dry air (da) 
W = moisture produced by pipe, kg water/hr 
W2 = inside humidity ratio, kg water/kg da 
= outside humidity ratio, kg water/kg da 
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The air outside the chambers averaged around 18.3 C and 50% 
relative humidity. The relative humidity of the air inside the 
chambers averaged 60% and the temperatures ranged from 23.9 C to 35 C. 
Airflow volume was measured at the 18.3 C and 50% relative humidity 
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condition which has a specific volume of 0.837 m /kg da. From Table 
635-1 of Midwest Plan Service (1983c), a 4.54 kg pig at 29.4 C produces 
around 0.136 kg water/pig/h. That is 0.11 kg water/h for 8 pigs. At 
18.3 C and 50% relative humidity, the humidity ratio is 0.0078 kg 
water/kg da. At 23.9 C and 60% relative humidity, the humidity ratio 
is 0.011 kg water/kg da. At this condition, the required ventilation 
rate for moisture level control is: 
Q = (0.837 / 3,600)(0.11 / (0.011 - 0.0078)) = 7.99 x lO"^ m^/s 
-3 3 
This is close to the 7.55 x 10 m /s determined from Midwest Plan 
Service (1983a). 
At 35 C and 60% relative humidity, the humidity ratio in 0.022 kg 
water/kg da. At this condition, the required ventilation rate is: 
Q = (0.837 / 3,600)(0.11 / (0.022 - 0.0078)) = 1.80 x 10~^ m^/s 
The ventilation rate used is sufficient for moisture control for 
chamber temperatures over 23.9 C. 
When air is injected into a closed loop system, the same amount of 
air must be exhausted from the system. Air exhausts from the chamber 
primarily through small openings in the chamber pit area. All joints 
and cracks in the rest of the chamber are well sealed with silicone 
caulk to ensure that there is little air leakage elsewhere in the 
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system. Air is exhausted from the pit area so the air passes by the 
pigs and removes moisture and contaminants from them before it is 
exhausted. 
Fresh Air Injection System 
A Dayton high static pressure centrifugal fan (model 2C940) draws 
air from the room and forces it into a distribution box. Pipes (5.1 cm 
PVC) carry air from the distribution box to each chamber. Airflow 
volume is measured in each 5.1 cm PVC pipe with a sharp edged orifice. 
The orifice is made from 0.76 mm thick plastic and placed in a PVC 
splice joint. Plastic tubing (0.64 cm diameter) runs from pressure 
taps across the orifice to a manometer on each chamber. The manometers 
are made with 0.64 cm diameter plastic tubing mounted on plywood 
covered with graph paper. The manometers contain colored water. 
The orifice design calculations are as follows: 
Choose g = 0.45 
g = d/D = 0.45 
where d = orifice diameter, cm 
D = pipe diameter, cm 
Inside pipe diameter = D = 5.34 cm 
d = 0.45(D) = 0.45(5.34 cm) = 2.36 cm 
Compute Reynold's number: 
Rg = Vgd / y = 40 / ifdf 
where Q = airflow rate, dm^/s 
2 
t> = kinematic viscosity, m /s 
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f = 2.45 X 10 ^ cm^/s @ 15.5 C air temperature 
Rg = 4(7.55 X 10"3 mVs) / *(0.0236 m)1.468 x lo"^ m^/s 
Rg = 2.775 X 10* 
From Figure 14 (page 13.19) in ASHRAE (1981): 
K = 0.623 at Rg = 2.775 x 10* and /3 = 0.45 
Equation 16 (page 13.19) in ASHRAE (1981) gives Q given the 
pressure drop measured across the orifice: 
Q = KA2 SQRT(2gj,hf) 
2 
where A2 = orifice area, in 
hf = head loss, m of fluid 
Invert this equation to calculate head loss given a desired 
airflow rate: 
hf = (l/2gc)(Q/KA2)2 
hf = (1/2 X 9.807 m/s^)(7.55 x lo"^ mVs / (0.623 x 
ff/4(0.0236 m)2))2 
= 39.13 m of air 
At 15.5 C: 
Specific weight of air = 1.2714 kg/m^ 
Specific weight of water = 1,000 kg/m^ 
hf = 39.13 m of air x (1.2714 kg/m^ / 1,000 kg/ra^) 
hf = 0.0498 m of water 
hf = 4.98 cm of water 
It was calculated that if the manometer reading was off by 1 cm, 
the air flow would be off about 10 percent. The manometer readings 
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were within 1/4 of a centimeter. If the orifice was off by 1 mm, the 
airflow rate would be off by about 8.5 percent. 
The pressure taps were located at a distance D (2.36 cm) upstream 
from the orifice and at 0.63 (D) (1.49 cm) downstream from the orifice 
as specified in Figure 10 (page 13.18) of ASHRAE (1981). The edges of 
the pressure taps were flush with the inside diameter of the pipe. 
There were no bends or obstructions in the pipe for a distance of 105 
cm upstream and 16 cm downstream from the orifice as specified in 
Figure 17 (page 13.20) of ASHRAE (1981). 
A slide gate in the distribution box allows gross adjustments to 
the amount of static pressure across all four of the orifices. Baffles 
are located 17.8 cm after each orifice to allow fine tuning of the 
airflow into each chamber. 
Temperature Control 
The pigs, fan, and lights in the chamber continuously produce heat 
which must be transferred out of the chamber to maintain a constant 
temperature, within the chamber. The chambers are housed in a room that 
can be heated or air conditioned to maintain the room at about 18.3 C. 
The room temperature is about 5.6 C lower than the lowest anticipated 
chamber temperature so the chambers will always lose heat to the room. 
If heat transfer to room air is not sufficient to maintain the 
desired chamber temperature, heat can be removed from the chamber by 
passing water through a copper tube coil located in the return air 
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duct. The coil is made from a 15 m roll of 0.64 cm diameter copper 
tubing. Tap water passes through the tubing and exits into a drain. 
Water flow rate can be varied as needed for temperature control. The 
coils may occasionally condense water out of the air but moisture can 
be added back through the humidification system if necessary. 
The objective is to lose more heat from the chamber than is being 
produced within the chamber. To control the temperature, heat is added 
back into the chambers with two 500 watt electric coil heaters 
controlled by a thermostat. The heaters are located in the return air 
duct and the thermostat is located in the chamber above the air 
straightener so it senses the temperature of the air just before it 
reaches the pigs. The thermostat is a Dayton model 2E477 with a fixed 
1 C differential. 
Humidity Control 
Relative humidity is controlled to be in the range of 40 to 80 
percent. Mount (1975) stated that since the pig depends very little on 
evaporative heat exchange, humidity can be excluded from climatic 
assessment except under hot conditions. Hazen and Mangold (1960) said 
that humidity seems to have little if any effect on the growth 
efficiency of swine unless high humidity occurs with high temperatures. 
David (1976) reported that pigs do best at relative humidities between 
40 and 72 percent. Beckett (1965) reported that relative humidity had 
little effect on 68 kg pigs up to 26.7 C. Since 3 to 5 week old pigs 
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can lose heat more readily than the larger pigs, it is assumed that air 
temperature can be higher before relative humidity affects the young 
pigs. Therefore, it is assumed that relative humidity need not be 
controlled within very precise limits as long as it does not get too 
high at the high temperatures. When the pigs are first placed in the 
chambers, moisture is added to the air to keep its relative humidity in 
the 40 to 80 percent range. No measures are needed to remove moisture 
from the air because the injected fresh air typically keeps the 
relative humidity below 70 percent except when the pit is washed. 
To add moisture to the air, water is dripped onto cotton cloth 
suspended in the return air duct. The water evaporates from the cloth 
into the return air as the air passes between the three layers of 
cloth. The amount of water evaporation, and thus the relative 
humidity, can be controlled by adjusting the rate of water dripping 
onto the cloth. 
A hygrothermograph chart recorder located in the return air duct 
records the temperature and relative humidity of the air exhausting 
from the chamber. The rate of water dripping onto the cloth is 
manually adjusted based on feedback from this recorder. 
Pig Behavior Monitoring System 
Pig behavior is monitored with Canon T70 single-lens reflex 
cameras. The cameras are controlled with Canon Command Back 70s. The 
Command Back 70s can be set to take pictures automatically at any time 
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interval after a set start-up time and will stop taking pictures after 
a set number of frames. Film is advanced automatically and the date 
and time can be imprinted on the film. Automatic aperture and shutter 
speed adjustment allows pictures to be taken at low light levels 
without a flash. The cameras are mounted in the chamber wall and take 
photographs within the chamber through transparent plastic as shown in 
Figure 4. A Vivitar 17 mm, f3.5 super wide angle lens is used to give 
a picture of the entire floor. There are plywood panels behind the 
cameras to prevent light entering the chamber past the camera and to 
prevent stray light from affecting the automatic aperture and shutter 
speed settings of the camera. 
25 
118 cm 
Camera Mount, 76 cm above flooring 
Nipple Waterer, 25.4 cm above flooring 
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-r-X 
20.3 cm 
Access Door 
X - Air Velocl^ Measurement LocoHons 
FIGURE 1. Environment chamber cross-section—top view 
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FIGURE 2. Environmental chamber cross-section—side view 
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FIGURE 4. Behavior monitoring system 
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CHAMBER CALIBRATION 
The air velocities are calibrated before each experimental run. 
First the appropriate fan is placed in the chamber to match the desired 
air velocity range. The variable transformer is adjusted to get an air 
velocity near the center of the pen area close to the desired air 
velocity. Air velocity measurements are taken with a Model 60 
Anemotherm Air Meter air velocity meter. The probe of the air velocity 
meter is held 15 cm above the wire mesh flooring with a wire bracket. 
A height of 15 cm was chosen because it is high enough to avoid air 
turbulence near the flooring and because it is about the average height 
of a pig at that age. 
The air velocities are measured before the pigs are placed in the 
chamber to avoid interference from the pigs and to obtain a repeatable 
base for measurements. In applying the results of this research to the 
field, it will be easier to measure air velocities that will be 
approaching sleeping pigs than to measure air velocities in and around 
the pigs. Also, the air velocities would vary considerably from one 
part of the pigs surface to another part. Winslow (1939) studied the 
cooling effect of air movement on humans and found that it is best to 
measure air velocity before the subject enters the test area. At low 
air velocity conditions, velocity was increased by body heat and at 
high air velocity conditions, velocity was decreased by physical 
obstruction. He also found the air velocities measured near the body 
gave less consistent results than air velocities undisturbed by the 
test subject. 
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After the air velocity is set close to the desired value, the 
temperature is set and the chamber is left operating for at least one 
day before the air velocities are adjusted more precisely. The more 
precise air velocity adjustments are not made until at most one week 
before the pigs are placed in the chamber. Also, before the pigs are 
placed in the chamber, the temperature is checked with a mercury 
thermometer located near the thermostat. Relative humidities are also 
adjusted to give a reading of about 50 percent on the hygrothermograph 
recorders. 
After a location near the chamber center is adjusted to the 
desired air velocity with the variable transformer, air velocity 
readings are taken every 20.3 cm throughout the cross-section of the 
chamber. ASHRAE (1981) recommends that to determine the average air 
velocity in a rectangular duct, at least 16 readings and at most 64 
readings are required throughout the duct cross-section to get an 
accurate value. Readings every 20.3 cm give 36 values throughout the 
chamber which is within the range given by ASHRAE (1981). Three of 
these readings are not taken because the positions are located at the 
feeders. See Figure 1 for locations of air velocity readings. 
The 33 air velocity readings are averaged to determine if the 
average is near the desired value. This procedure is repeated until 
the average of the readings is near the desired air velocity. 
Once the variable transformer setting is made, the air velocity at 
each of the 33 points is checked if it is within a plus or minus 0.025 
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m/s of the desired value. If not, the peg board is adjusted to get the 
air velocity within that range. If the air velocity reading is low, 
holes in the peg board are filed slightly larger. If the air velocity 
is too high, individual holes are plugged with duct tape. Each of the 
33 points on the flooring is served by four channels of the air 
straightener. The same number of holes were adjusted over each of the 
four channels in a effort to get even airflow across the entire 20.3 cm 
X 20.3 cm area even though the air velocity reading is taken at only 
one point in the center of that area. 
After all 33 points are checked and adjusted, all the readings are 
taken again to determine if they are still within the range and if the 
average of the readings is near the desired value. The variable 
transformer setting and peg board procedures may need to be repeated a 
few times to get the air velocities balanced. 
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CONCLUSIONS 
Four environmental chambers were constructed for subjecting 
weanling pigs to various air velocities and temperatures under typical 
production systems where the pigs are allowed to modify their behavior 
to reduce the effect of adverse environments. These chambers will be 
used to study the combined effects of air velocity and temperature on 
weanling pigs to help the producer and designer make more precise 
adjustments in the environmental control systems of production units. 
The pig area of each chamber is 118 cm x 118 cm and holds 8 
weanling pigs. The chambers have wire mesh flooring, nipple waterers, 
and nursery pig feeders. 
Numerous problems were encountered in trying to get uniform air 
velocities throughout the chamber. To achieve this objective, air is 
passed through a perforated peg board, screen, and an air straightener 
before it reaches the pig area. This system takes time to calibrate 
but can give very uniform air velocities. 
Fresh air can be injected into the chambers at various rates. The 
rate of fresh air injection is measured with a sharp edged orifice and 
manometer. Pig behavior can be monitored with cameras that can take 
pictures at any increment of time over 3 s. 
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ABSTRACT 
In this Study, 128 pigs were subjected to various combinations of 
air velocity and temperature for a 2 week period from 3 to 5 weeks of 
age. Air velocity ranged from around 0.11 m/s to 0.40 m/s and air 
temperature ranged from around 24 C to 35 C. The pigs were subjected 
to these conditions in the environmental chambers described in Paper I. 
The following responses were monitored: 
• Growth productivity. Average daily gain (ADG), average daily 
feed intake (ADI), and feed conversion efficiency (G/F) were 
determined. 
• Pig behavior. A huddling factor (HF), standing factor (SF), 
and the average floor area occupied by lying pigs (PLA) were 
determined. 
• Time of digesta passage. The time for digests to pass through 
the pigs (TOP) was determined. 
• Blood indicators. A Complete Blood Count (CBC) was done on 
blood samples drawn from some of the pigs to monitor the pig's 
health and to determine if any CBC parameters were indicators 
of mild stress. 
Although not statistically significant, ADG increased with a 
decrease in temperature and with a decrease in air velocity for the 
range tested. ADI increased with a decrease in temperature. G/F had 
no significant trends. 
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The SF was not significantly affected by air temperature or 
velocity. The HF and PLA were significantly affected by thermal 
environment and PLA was more responsive than HF. Most of the pig 
behavioral adaptation occurred at the onset of an increase of air 
velocity above "still air" (0.1 m/s). Once air velocity exceeded 0.31 
m/s, pig huddling behavior changed little with a further increase in 
air velocity. Equations are given that yield the air temperature-
velocity combinations at which the pigs appeared to be most 
comfortable, based on their huddling behavior. 
TOP was also significantly affected by air temperature and 
velocity and was most affected by air velocity at high temperatures. 
The CBC parameters generally were not good indicators of environmental 
stress or health status as used in this study. 
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INTRODUCTION 
Recent research on the effects of air temperature on the growth 
productivity of weanling pigs have found that the response of average 
daily gain is subject to large experimental error that gives variable 
results or results that are statistically difficult to prove (Jacobson 
et al. 1984 and Nienaber et al. 1985). There are probably other 
important factors that are not being accounted for which give this 
large experimental error. One possible factor is air velocity. Paper 
I discussed the need to include air velocity as a factor when 
researching the effects of environment on weanling pigs. Another 
factor is the pig's health at the onset of the experiment and 
throughout the experiment. If the pig's health could be monitored 
during an experiment, it would help determine if health factors are 
affecting the results. Procedures for monitoring a pig's health would 
be beneficial in research on the effects of environment. 
Mathematical models have been developed (Anderson et al. 1986) to 
simulate a pig's response to its environment. A North Central Regional 
Project (NC-179) is currently developing an overall simulation model 
for predicting a pig's response to numerous environmental inputs. 
These mathematical models depend on empirical data to predict 
behavioral responses and for calibration of the model. For example, 
engineering analysis can reasonably predict heat loss from a single 
animal exposed to a certain air velocity and temperature condition, but 
cannot predict how the behavioral response of huddling will affect heat 
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loss without an empirical data base. Another empirical base required 
is pig eating behavior as affected by environment. 
There is a need to develop a data base on pig behavioral response 
to various environmental indices. Ideally, this information would be 
presented in the form of a mathematical equation that could be directly 
utilized in a mathematical simulation model. When this study is 
completed, mathematical equations should be available for predicting a 
pig's huddling and eating behavioral response to various air velocities 
and temperatures. A mathematical equation should also be available to 
predict average daily gain which would be useful for calibrating a 
simulation model. The responses of young pigs can vary substantially 
from week to week as they age, so this data will be presented on a 
weekly basis. 
Microprocessor based environmental control systems can be 
programmed to use this information. An environment that deviates from 
the optimum reduces pig productivity and can increase mortality rates. 
A sophisticated control system could sense air temperature, air 
velocity, relative humidity, ammonia levels, carbon dioxide levels, and 
other gases that may be considered important. Cold weather ventilation 
rates are typically based on minimum acceptable levels of relative 
humidity, ammonia, and carbon dioxide. If one of these parameters 
exceeded the acceptable limits, the air ventilation rate would increase 
and consequently the air velocity near the pigs would probably change. 
The control system could sense the air velocity change and adjust the 
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air temperature to give the optimum environment for that air velocity. 
Data from this project should yield equations for computing the optimum 
temperature for a given air velocity. 
The objectives of this study are: 
1. Develop an experimental procedure to efficiently determine the 
effects of air velocity and temperature on growth productivity and 
stress levels of weanling pigs. 
2. Subject weanling pigs to one range of air velocities and 
temperatures in the environmental chambers described in Paper I to 
analyze the design and make recommendations for further studies with 
these chambers and the experimental design. 
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STATISTICAL DESIGN 
The statistical design was based on surface response methodology 
as described in Box et al. (1978). There were 5 levels of air 
velocity (0.11, 0.15, 0.25, 0.36, and 0.40 m/s) and 5 levels of air 
temperature (23.9, 25.6, 29.4, 33.3, and 35 C). The actual values 
obtained varied slightly from these desired values. These levels were 
combined to give 9 treatments. The surface response method typically 
requires 6 treatments to be done at one time, but only 4 treatments 
could be done at one time in this study because only 4 environmental 
chambers were available. A randomized incomplete block design was 
used. Each run included the center treatment (29.4 C and 0.25 m/s), 
one of the extreme treatments (23.9 C, 35 C, 0.11 m/s, or 0.40 m/s), 
and the two moderate treatments opposite the extreme treatment (Figure 
5). For example, the extreme treatment of 0.11 m/s (with 29.4 C) would 
be run with the two moderate treatments at 0.36 m/s with temperatures 
of 25.6 C and 33.3 C. The center treatment was replicated 4 times, the 
moderate treatments twice, and the extreme treatments were run once. 
The four replications of the center treatment (29.4 C and 0.25 
m/s) gave the experimental error. Since the center treatment was 
replicated more times than the outer treatments, the predicted 
responses were most accurate at the center. With only four 
replications, the statistical fit would not be highly accurate, but 
this initial study was done to determine whether the experimental range 
chosen was a critical one. If so, more replications could be made in 
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this range for a better statistical fit. If not, another range could 
be chosen and this same procedure used to determine if that was a 
critical range. 
There were 4 runs made with 4 treatments per run. Each chamber 
had a separate treatment and the treatment changed from run to run as 
shown in Table 1. 
TABLE 1. Treatments per run and 
chamber assignments 
Run Treatment conditions Chamber 
1 23.9 C and 0.25 m/s D 
29.4 C and 0.25 m/s B 
33.3 C and 0.15 m/s A 
33.3 C and 0.36 m/s C 
2 35.0 C and 0.25 m/s B 
29.4 C and 0.25 m/s A 
25.6 C and 0.15 m/s D 
25.6 C and 0.36 m/s C 
3 29.4 C and 0.40 m/s C 
29.4 C and 0.25 m/s D 
33.3 C and 0.15 m/s B 
25.6 C and 0.15 m/s A 
4 29.4 C and 0.11 m/s D 
29.4 C and 0.25 m/s C 
33.3 C and 0.36 m/s B 
25.6 C and 0.36 m/s A 
The time sequence for which the four experimental runs were made 
was assigned at random. The treatments within each run were assigned 
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to the chambers at random. However, the random assignments were 
modified slightly to move the center treatment to a different chamber 
for each run so no chamber was used twice for the center treatment in 
this experiment. 
The statistical model yields a second-degree polynomial equation 
to represent the response surface in the experimental region: 
y = bo + bi%i + bgxg + b^Xi^ + + e 
where: 
y = dependent variable 
b^ = regression coefficients 
X£ = independent variables 
e = residual effect 
Statistical analysis was done with the Statistical Analysis System, SAS 
Institute (1982). 
44 
EXPERIMENTAL PROCEDURE 
Four identical environmental chambers were used in each 
experimental run and four experimental runs were made for a total of 16 
runs. There were 8 pigs/chamber so a total of 128 pigs were used in 
this study. The.chambers were described in Paper I. 
Between experimental runs, the pig and pit areas of the chambers 
were washed, sanitized, and allowed to run empty for at least a week 
before another set of pigs was placed in the chambers. A few days 
before each experimental run, the chambers were calibrated for air 
velocity, temperature, and relative humidity as described in Paper I. 
A Model 60 anemotherm air meter was used to calibrate the air velocity 
levels in the environmental chambers. The accuracy of this air 
velocity meter was checked using an airflow testing chamber designed 
according to AMCA standards and was found to be accurate within one 
percent. 
At about 8 a.m. of the 1st day of an experimental run, pigs were 
picked up from the ISU Swine Nutrition Farm farrowing building. The 
pigs' age averaged about 23 days at the time of weaning. They were a 
Landrace-Yorkshire x Hampshire-Duroc cross breed. Other data on the 
pigs is given in Table 2. 
The farrowing building had two sides and litters were obtained 
from sows on both sides as available. On one side of the building, the 
farrowing stalls set on solid concrete floors. The creep partitions 
were solid and the pigs were provided with overhead 250 watt heat 
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TABLE 2. Initial age and weight of pigs 
Average initial Average initial 
Run Date Chamber age, days weight, kg 
1 2/13/86 A 22.75 5.52 
2/27/86 B 22.50 5.11 
C 22.50 5.21 
D 22.63 5.13 
2 3/17/86 A 24.25 5.64 
3/31/86 B 24.25 5.44 
C 24.13 5,63 
D 24.00 5.83 
3 5/09/86 A 23.75 6.20 
5/23/86 B 23.88 5.54 
C 23.75 5.68 
D 23.75 6.00 
4 7/03/86 A 22.00 5.26 
7/17/86 B 21.75 4.81 
C 22.00 4.76 
D 21.75 4.94 
Overall average: 23.10 5.42 
lamps. The other side of the farrowing building had raised farrowing 
stalls with wire mesh flooring. The creep partitions were solid and 
there were electric heating pads on the creep floors. In cold weather, 
the temperature in both rooms was maintained at 18 C with supplemental 
air heaters. No cooling was provided to maintain 18 C in warm weather. 
The pigs did not have a nipple waterer and were not creep fed. 
Immediately after removing the pigs from the sows, they were 
separated into four litter outcome groups and placed in the chambers. 
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Two pigs from each litter outcome group were placed in each chamber. 
If a litter only had 6 or 7 pigs, additional pigs of similar weight 
were obtained from another litter to make a litter outcome group of 8 
pigs. Pigs from the litter outcome groups were assigned to the 
chambers at random and without regard to sex. The pig's litter number, 
birth date, sex, and weight were recorded before placing it in the 
chamber. Each pig was assigned a unique number for its chamber and the 
number was marked on its back. The pigs were observed for 1-2 hours to 
be sure they learned to operate the nipple waterers. 
Each experimental run lasted two weeks. The air velocity and 
temperature conditions remained constant throughout the full two week 
period. Water and feed were provided ad libitum with a nipple waterer 
and nursery feeder, respectively. The pigs were fed a pig starter diet 
with 19 percent protein. One 7 watt light operated continuously in 
each chamber and an additional 7 watt light operated from 6 a.m. to 6 
p.m. The pigs were checked at least twice a day and the feeders were 
filled at that time if necessary. If any dead pigs were found, they 
were weighed out and a post mortem done at the ISU Veterinary 
Diagnostic Laboratory. Pigs were not medicated if diarrhea was 
observed. Data was collected on the days shown in Figure 6. Each type 
of data will be discussed separately. 
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1st Day 
Weigh 
pigs in 
2nd Day 
Pictures 
3rd Day 4th Day 5th Day 6th Day 7th Day 
Pictures 
8th Day 
Weigh pigs 
9th Day 10th Day 11th Day 12th Day 
Feed 
Marker 
13th Day 
Observe 
defecation 
14th Day 
Pictures 
15th Day 
Blood 
samples; 
Weigh 
pigs out 
FIGURE 6. Time table for data collection for each run 
Pigs were weighed in the early morning of the day shown. 
Pictures were taken every hour from midnight through 11 p.m. 
of the day shown. 
Growth Performance 
The pigs were weighed individually immediately before being placed 
in the chamber and every 7 days thereafter (on the 1st, 8th, and 15th 
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day of the experiment). The pigs were weighed on a scale with an 
accuracy of plus or minus 0.045 kg. Rate of gain was then calculated 
and analyzed on a per pig basis for each week. 
Feed was weighed before being placed in the feeders. A board in 
the pit directly under the feeders collected spilled feed. Feed was 
removed from this board every 3-1/2 days and allowed to dry. Fecal 
material was removed and the spilled feed was weighed and that weight 
was subtracted from the feed consumption data. From observing the 
amount of feed deposited in the remainder of the pit, it was estimated 
that about 80 percent of the spilled feed was collected by the board. 
Feed was weighed out of the feeders and from the feed collection board 
at the end of each week to allow the calculation of feed intake and 
feed conversion efficiency for each week. Average daily intake and 
feed conversion efficiency had to be calculated on a per group basis 
rather than an individual pig basis because individual feed consumption 
data were not determined. If a pig died, its feed consumption for the 
week in which it died was estimated from its weight and its feed 
consumption was subtracted from the group total for that week. 
Pig Behavior 
Figs can make postural changes to either increase or decrease heat 
loss from their bodies. If a pig is warm, it tends to lie on its side 
and expose as much surface area to the air as possible. If the pig is 
cold, it tends to lie on its feet and hunch up to reduce the amount of 
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surface area exposed to the air. When cold pigs are penned with a 
group, they have the opportunity to huddle with their penmates and even 
further decrease the amount of surface area exposed to the air. Up to 
a point, the more pigs in the pen, the more surface area that can be 
covered by other pigs via huddling. The amount of huddling done by the 
pigs can be an indicator of environmental stress. Also, knowledge of 
the amount of huddling would be useful for future computer simulation 
programs because it would give a value for the amount of pig surface 
area exposed to the environment. 
To study the effects of air velocity and temperature on the 
huddling behavior of 3-5 week old pigs, still pictures were taken 
within the chamber every hour for a 24 hour period. Heitman et al. 
(1962) compared taking visual observations continuously to taking 
visual observations at intervals and found that swine activities taking 
8-1/2 percent or more of the pigs' time could be followed accurately 
with 60 minute observation intervals. Activities involving as little 
as one percent of the pigs' time would require observations at 15 
minute intervals. A preliminary run in one environmental chamber 
showed that these young pigs often spend well over 50 percent of their 
time lying. Hultgren and Hazen (1971) reported that 34 to 38.5 kg pigs 
spent an average of 81.1 percent of each 24-hr period sleeping. 
Therefore, it was assumed that a picture every hour would give an 
accurate indication of the pigs' huddling behavior. 
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Pictures were taken with Canon T70 35min single-lens reflex 
cameras. The cameras were controlled with Canon Command Back 70s. The 
Command Back 70s were set to take pictures every hour starting at 
midnight and to stop taking pictures after 24 frames. The Command Back 
70s were also set to imprint the day of the month and the time on each 
picture. The Canon T70 cameras had automatic wind and automatic light 
adjustment features. Since the cameras could adjust to the light 
levels in the chambers, no flash was used and the pigs were 
undisturbed. 
The cameras were mounted in one of the chamber sidewalls about 76 
cm up from the wire mesh flooring. The air straightener also prevented 
the placement of the camera over the center of the floor area. Camera 
height was limited by the location of the camera lens at a 30 degree 
angle from the horizontal plane so pictures were taken at an angle. A 
Vivitar 17mm, fS.S super wide angle lens was used so all four corners 
of the floor could be photographed. The cameras were outside the 
chambers and pictures were taken through transparent plastic. 
Pictures were taken on the 2nd, 7th, and 14th day of the 
experiment to observe the pigs' behavior at different ages 
(approximately 3, 4, and 5 weeks of age). Pictures were taken hourly 
beginning at midnight until 24 frames were taken. 
The pictures were analyzed to determine three values: 
• A standing factor. 
• A huddling factor. 
• Floor area occupied by pigs lying down. 
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Standing factor Environmental stress may be indicated by the 
cunount of time a pig stands. Hultgren and Hazen (1971) reported that 
for 34 to 38.5 kg pigs, sleeping increased and standing decreased 
linearly with an increase in temperature. They also indicated that the 
pigs slept less when air was directed into their sleeping area to 
increase air velocity there. 
The photographs from this experiment were analyzed to determine 
how many pigs were standing at each hour. If a pig was sitting on its 
haunches, it was counted as standing. The number of standing pigs was 
divided by the number of pigs in the pen for each picture. An average 
was determined over the 24 hour period for a standing factor. 
Standing Factor = Z(Pigs standing / Number of pigs in pen) / 24 
EQUATION 1 
Huddling factor Boon (1982) calculated a huddling factor for 
pigs raised from 26.6 kg to 75.6 kg at various air velocities. To 
determine the huddling factor, he took photographs of the pigs every 
hour and counted the number of lying pigs. He counted how many of the 
lying pigs were huddling. He recorded a pig as huddling if it was 
lying on, or being laid on by, another pig or if the pig was "adopting 
a posture that appeared to have been induced by cold." The huddling 
factor was calculated by dividing the number of pigs lying and huddling 
by the number of pigs lying. 
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In this experiment, a pig was counted as huddling if it was 
decreasing its exposed surface area by lying against another pig. At 
least 50 percent of one side of a pig had to be tightly touching 
another pig before it was considered to be huddling. Any other pigs 
were not considered to be huddling even if they were lying against the 
chamber wall or had a posture that appeared to be induced by cold, such 
as lying on their feet. A huddling factor was determined for each hour 
that some pigs were lying using the same equation Boon (1982) used, 
then hourly values were averaged for the day. 
Floor area occupied by lying pigs The colder pigs are, the 
tighter their huddle pile becomes. To decrease heat loss the most, the 
huddle pile should expose the least surface area to the moving air. 
Spherical shapes expose the least surface area for any given volume. 
As pigs get colder, they pile on top of each other in 2 to 3 layers and 
lie against the chamber walls in such a manner that the outside surface 
of the pile is somewhat spherical. 
Boon (1982) reported that 50 kg pigs occupied less floor area at 
higher air velocities because they were huddling together. The colder 
the pigs felt, the more they would tend to lie tight against others and 
eventually start piling on each other. Therefore, it was evident that 
the amount of floor space occupied by the lying pigs would be an 
indicator of cold stress. 
To measure the floor area occupied by the pigs, a transparency 
with a grid drawn on it was laid over the picture and the number of 
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occupied squares of the grid at floor level were counted. Each grid 
2 
square was 154.8 cm . Readings were taken to the nearest one quarter 
of each grid square. A planimeter could not be used to measure the 
occupied area because the picture was taken at an angle and the scale 
was not the same throughout the picture. The grid squares were 
trapezoidal in shape. The spacing of the wire mesh was used to 
calibrate the transparency squares. 
Time of Digesta Passage 
Time of digesta passage (TOP) is a procedure where a marker is 
mixed with the pig's feed and the time is measured from when the pig 
consumes the feed until the marker appears in the pig's feces. Time of 
digesta passage has been used by other researchers for studying the 
effects of diet and environment on pigs. Kidder and Manners (1978) 
reviewed a number of research papers where time of digesta passage was 
measured in swine. They reported that the overall time of digesta 
passage is often measured from oral intake to anal excretion by putting 
markers in the feed. Nearly all studies reviewed used small solid 
particles as markers and these markers include chromic oxide and ferric 
oxide. Most researchers reported the time after feeding until the 
marker first appeared in the feces. Many recorded the time until the 
feces was free of the marker. They reported that measuring the time 
until feces was free of the marker was less satisfactory because the 
concentration of marker in the feces decreased very gradually. 
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Pouteaux et al. (1982) determined the effects of chilling 3-4 week old 
pigs at 16 C for 8 h on the incidence of diarrhea and on the TOP. To 
determine TDP, the pigs were given a one gram oral dose of chromic 
oxide powder. Transit time was measured from dosing time to first 
appearance of chromic oxide in the feces. They concluded that the 
severity of the cold exposure was not sufficient to induce diarrhea. 
However, there was a tendency for chilling to decrease the time of 
digesta passage which could have an additive effect on the severity of 
nutritional diarrhea. 
Previous research on time of digesta passage was done on 
individual pigs or on groups where the first sighting was assumed for 
all pigs. Collecting TDP data on a group of pigs presents problems 
because it is difficult to determine the time that each individual pig 
defecates marked feces. One pig may defecate marked feces several 
times before another pig in the same group defecates any marked feces. 
To make it easier to distinguish when each pig defecated marked feces, 
only 4 pigs per chamber were used for this test and two different color 
markers were used. The markers were inert in the digestive system so 
the two different markers should not have affected the TDP differently. 
The pigs for the TDP test were chosen so one-half (2/chamber) were 
from one litter and the other half from another litter. One litter was 
fed ferric oxide which marks the feces red and the other litter was fed 
chromic oxide which marks the feces green. Each pig received 2 g of 
marker. It was mixed into feed at a concentration of 5 percent on a 
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weight basis. On the 12th day of the experiment, feed was removed from 
the feeders at about 3:00 p.m. The pigs were without feed until 9 p.m. 
of that same day to stimulate their appetite. The two pigs in each 
chamber that were to receive ferric oxide marker were partitioned from 
the other pigs in the chamber and were held next to the feeders. The 
feed and marker mixture was placed in the feeders and the pigs were 
allowed to eat until most or all the mixture was consumed (about 1/2 
hour). Any remaining mixture was vacuumed from the feeders and the two 
pigs were placed on the other side of the partition. Next, the two 
pigs to be fed the chromic oxide were placed on the feeder side of the 
partition and fed the feed and marker mixture as already described. 
The pigs were observed from 6 a.m. the next morning until all the 
treated pigs were observed defecating marked feed (usually about 6 
p.m.). To observe the pigs, the plywood was removed from the 
observation windows and occasionally the access door was removed for 
closer observations. Door eyepieces were installed in the feeder wall 
of the chamber so the opposite corners could be observed. The room 
lights were off so the pigs would not be disturbed by seeing a lot of 
activity through the windows. The pigs were checked frequently in an 
attempt to observe the pigs defecating. The pigs were not always 
observed defecating which made it more difficult to determine which of 
the two pigs with the same color marker defecated. Quite often the pig 
would still have traces of marker around its anus or the consistency of 
the feces may have been different from a previous deposit of that same 
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color feces. The first deposit of marked feces often had a color front 
where part of the front was regular colored feces and the other part 
was colored. A colored front was a sure indication that the feces was 
a first deposit of marked feces because a pig would have a colored 
front only once. 
The pigs almost always defecated in a corner and usually all the 
pigs in a chamber used the same corner. Occasionally, some feces was 
deposited by the waterer. The pigs usually defecated in the corner 
across from the feeder and nearest the access door. The pigs typically 
slept near the other two exposed corners (the feeders prevented access 
to one corner). The pigs backed up against the corner when defecating. 
The feces remained on the wall corner or wire mesh flooring for at 
least several hours before being trampled into the pit. 
Blood Indicators 
Some hormones in the blood, such as plasma glucocorticoids 
(Cortisol), have been considered to be indicators of stress (Clemens et 
al. 1986). These hormones were not measured in this study, but a 
Complete Blood Count (CBC) was done on blood samples from some of the 
pigs. A CBC is a routine test done by veterinary diagnostic 
laboratories as a screen of general animal health. A CBC evaluates a 
number of blood parameters at a reasonable cost and could be a valuable 
research tool if it was an indicator of mild stress. 
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Some of the parameters measured in a CBC have been mentioned as 
possible indicators of stress by other researchers. White blood cell 
differential and absolute counts have been used as a measure of stress 
by Ellersieck et al. (1979). They indicated that white blood cells 
(leukocytes) increase in number when stress is imposed on an animal. 
They also indicated that the number of neutrophils increased 
disproportionately so the neutrophil/lymphocyte ratio may increase 
under stress. Boggs et al. (1964) and Moss and McMurray (1979) 
indicated that an increase in neutrophils may result due to adrenal 
corticoid activity. Osbaldiston and Johnson (1972) indicated that 
there may be a decrease in eosinophils due to adrenal corticoid 
activity. Schalm (1975) stated that under stress conditions the 
adrenal cortical secretion depresses the number of circulating 
eosinophils and lymphocytes and increases the number of circulating 
neutrophils. Clemens et al. (1986) found an increase in the 
neutrophils and neutrophil/lymphocyte ratio but no decrease in 
eosinophils when pigs were subjected to the stress of food and water 
deprivation. 
CBCs were done in this study to see which parameters, if any, were 
indicators of environmental stress on weanling pigs. They were also 
done to determine if they help explain any differences in growth 
performance data due to health problems. 
On the morning of the 15th day of the experiment, blood was drawn 
from four pigs in each chamber. All the pigs were not used because of 
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cost constraints. The same four pigs that were used in the time of 
digesta passage tests were also used for the blood tests. The pigs 
were removed from the chamber emd placed up-side down in a V-shaped 
restrainer so they could be held still while drawing blood. Physical 
activity and struggling can flush leukocytes into the blood and affect 
the results (Schalm 1975). The pigs were handled gently to reduce 
struggling, but variations in how individual pigs reacted to the blood 
drawing process could be a source of experimental error. The blood was 
drawn from the periorbital vascular sinus by inserting a capillary tube 
(150 mm long, 2.9 to 3.05 mm O.D., 1.5 to 1.6 mm bore) through the 
medial canthus in the medial (inner) corner of an eye. Blood was 
deposited into a vacutainer tube with EDTA to prevent coagulation. The 
vacutainer was then recapped and gently agitated to mix the blood and 
EDTA. 
A CBC was done on each blood sample and the following values were 
determined: 
• Hemoglobin (Hb), g/deciliter. Hemoglobin is the iron-
containing pigment of the red blood cells. It carries oxygen 
from lungs to body tissue. 
• Packed-Cell Volume (PCV), percent. PCV is the volume of cells 
in a volume of blood. 
• White Blood Cells (WBC), also called leukocytes, number of 
cells/microliter. 
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• Plasma Protein, g/deciliter. Proteins in the blood perform a 
vital role in blood clotting and body defenses against 
disease. 
• Fibrinogen, mg/deciliter. Fibrinogen is a blood protein 
essential for blood clotting. 
• Differential (percent) and absolute (number of 
cells/microliter) leukocyte count. Differential and absolute 
counts indicate the relative and absolute number of the 
different types of white blood cells/microliter of blood. 
For the differential and absolute counts of the WBCs, blood smear 
slides were made and stained with Wright's stain. The slide was 
scanned with a microscope moving across the width (cross-sectional 
method) and each type of white blood cell was counted until a total of 
100 white blood cells were counted. The microscope was moved to the 
other side of the slide width and the procedure repeated so a total of 
200 white blood cells were counted. The average of the two readings 
was used. Schalm (1975) recommends that 100 cells should be counted 
for each 10,000 white blood cells per microliter. Therefore, for a 
total white blood cell count between 10,000 and 20,000 cells, 200 cells 
need to be counted for the differential count. For this study, the 
average white blood count of all the blood samples taken was 14,286 
cells/microliter. The types of white blood cells counted, were; 
• Neutrophils (band and segmented). 
• Lymphocytes. 
• Monocytes. 
Eosinophils 
Basophils. 
62 
RESULTS AND DISCUSSION 
Growth Performance 
The results of the growth performance studies are presented in 
Tables 3, 4, and 5. The statistical significance levels are given in 
Table 6. Plots of average daily gain and average daily intake are 
given in Figures 13, 14, 15, and 16. 
The growth performance parameters (average daily gain, ADG; 
average daily intake, ADI; and kg gain/kg feed consumption, G/F) 
generally were not significantly affected by air temperature or air 
velocity in the ranges studied in this project for the first week the 
pigs were in the chambers. The only exception to this was that ADI was 
significantly affected by temperature at the 5 percent level. 
For the second week, ADG was significantly affected by air 
velocity at the 5 percent level. Temperature also appeared to have 
some affect (P < 0.0944) although it was not statistically significant 
at the 5 percent level. Additional replications may show temperature 
to also be statistically significant. During the second week, ADI was 
significantly affected by temperature at the one percent level but not 
by air velocity. G/F was not significantly affected by temperature or 
air velocity for the second week at the 5 percent level. 
Although growth performance and feed conversion efficiency are 
important considerations for the swine producer, they were not strong 
indicators of environmental stress for the first week after weaning for 
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the environmental range tested. ADG may respond to environment stress 
during the second week after weaning, but individual pig differences 
require that a number of replications be made to show differences in 
ADG. 
Generally, the pigs had better appetites at lower temperatures. 
This would suggest that the high temperatures common in modern 
nurseries may be suppressing the pigs' appetites which may be 
detrimental, especially at a time when they are changing diets. If the 
pigs' housing is sanitized, isolated, and properly ventilated, cooler 
temperatures than presently used may help the pigs get started on solid 
feed. 
For the second week after weaning, ADG, ADI, and G/F were 
significantly affected at the 5 percent level by the experimental run. 
In looking at Figure 7, it is apparent that Runs 3 and 4 generally had 
lower gains than the pigs in Runs 1 and 2, under the same treatments. 
Reduced ADI can reduce ADG. Some reduction in ADI is apparent in 
Figure 8 for the corresponding runs, but not enough to explain the 
entire drop in ADG. TDP was also significantly affected by run at the 
one percent level. Figure 9 shows that TDP generally had the same 
trends as ADG. Evidently, some factor besides temperature and air 
velocity was reducing TDP for Runs 3 and 4. Hemoglobin was also 
significantly affected by run at the 5 percent level. White blood 
cells and plasma protein levels were significantly affected by run at 
the one percent level. From reviewing Figures 10, 11, and 12, it 
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appears that these blood parameters do not have the same trends as ADG 
with respect to run and the trends may not be related. 
There is no evidence that the differences in runs were due to 
differences in experimental procedure. There may be some interaction 
between the season of the year that pigs were farrowed and later pig 
growth. The pigs in the later runs may not have been as healthy when 
received as pigs in the earlier runs. Other possibilities include a 
difference in feed quality from run to run or a buildup of harmful 
bacteria culture as the chambers were used more and more. 
Table 7 shows the amount of feed spillage. This feed spillage was 
accounted for when determining ADI and G/F, but note the high levels of 
feed spillage. The overall average for all the runs over both weeks 
was 15 percent. Clearly, more research needs to be done on eating 
behavior and feeder design to reduce these losses. 
Pig Behavior 
The results for the pig behavior studies are presented in Tables 
8, 9, and 10 for the 2nd, 7th, and 14th day of the experiment, 
respectively. The statistical significance levels are given in Table 
11. 
The huddling factor (HP) was significantly affected by temperature 
but not air velocity at the 5 percent level on the 2nd day that the 
pigs were in the chamber. For the 7th and 14th days, HP was 
significantly affected by temperature and air velocity at the one 
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percent level. Generally, the lower the temperature and/or the higher 
the air velocity, the more the pigs tended to huddle with their 
penmates. 
The standing factor (SF) was not significantly affected by 
temperature or air velocity. Therefore, the amount of time the pigs 
spent standing was not affected by the environmental conditions tested 
in this study. 
The pig lying area (PLA) was significantly affected by temperature 
at the one percent level and by air velocity of at least the 5 percent 
level for all three periods. See Figures 17, 18, and 19 for plots of 
the PLA response. The amount of floor area occupied per lying pig 
decreases with a decrease in temperature and/or an increase in air 
velocity. As seen from Figures 20, 21, 22, and 23, the pig huddle pile 
became tighter and higher (i.e., pigs piled on one another) as air 
temperature decreased and/or air velocity increased, thus reducing the 
amount of floor area occupied by the 8 pigs in the chamber. 
Although both the HF and the PLA did respond to temperature and 
air velocity, the PLA gave more sensitive responses. PLA also 
indicated the degree of huddling because the huddling pile contracted 
even more after all the pigs were huddling as defined for the HF. 
Therefore, PLA is more useful at colder environments than HF. It would 
be reasonable to assume that since the huddling pile can only contract 
so much (essentially a spherical shape), the PLA will have limited use 
at environmental conditions somewhat colder than the range in this 
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study. Figure 24 shows the number of lying pigs for each hour of the 
day. It can be seen that the number of pigs lying down varies with 
time of day. Therefore, it is best to monitor PLA over a 24 hour 
period and use the average for analysis, as was done in this study. 
The huddling pile characteristics were observed in order to relate 
PLA to pig comfort. It was assumed that when pigs are comfortable, 
they lie close to each other for social reasons, but are not tightly 
huddled. Boon (1982) considered the normal posture of a group of pigs 
to be lying side-by-side in contact with each other. He assumed they 
were cold enough to huddle for warmth when they laid on one another or 
adopted a posture that appeared to be induced by cold. He assumed the 
pigs were warm when they laid apart from each other. As the pigs begin 
to feel warmer, they move farther from each other to allow more airflow 
through the huddle pile and to expose more skin surface to the air. 
Thus the huddle pile spreads out. As the pigs begin to feel colder, 
they huddle tightly against each other to force airflow around the 
huddle pile and reduce exposed skin area. Thus, the huddle contracts 
and eventually the pigs start piling on one another. Five categories 
of huddling were defined as shown in Table 12. The pictures were 
observed and each run/chamber combination was assigned to one of these 
categories. Next, the PLA for the corresponding run/chamber 
combination was added to the categories. From these, a general range 
and an average were determined and reported in Table 12. It was 
assumed that the pigs are generally most comfortable when they form a 
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huddle between the tight and loose huddle categories. The PLA values 
2 in this region were just under 700 cm for pigs about 3 weeks of age, 
2 2 just over 700 cm for pigs about 4 weeks of age, and around 780 cm for 
pigs about 5 weeks of age. Compare these values to the plots in 
Figures 17, 18, and 19 to determine air velocity and temperature 
combinations at which the pigs are most comfortable, as defined 
previously. 
When interpreting the plots, remember that the values are more 
accurate near the center because there were more replications taken 
there. Caution must be used when interpreting the responses near the 
edges of the plots. 
From the plots, it is apparent that the changes in pig huddling 
behavior were affected by air velocity more at the lower air 
velocities. For any given air temperature, the PLA changed little 
after the air velocity exceeded a value of about 0.31 m/s. In most 
cases, the pigs were capable of contracting their huddle pile more at 
the higher air velocities, but chose not to. Evidently, the pigs were 
about as comfortable at 0.38 m/s as at 0.31 m/s for any given 
temperature. Part of this can be explained by the fact that much of 
the insulating air film is broken down at the onset of any air velocity 
and the rate of break down decreases at the higher air velocities 
(Burton and Edholm 1955). Some of the curves actually start turning 
back at the higher air velocities, but this may be due to the fact that 
few replications were taken in that region. More data needs to be 
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collected at the higher air velocities to determine what is really 
happening. For 5 week old pigs, the PLA curves are almost horizontal 
at temperatures above 30 C, indicating that the pigs respond strongly 
to the cooling effect of air velocity at these high temperatures. 
Evidently, 5 week old pigs are heat stressed at these temperatures and 
higher air velocities are beneficial in terras of pig comfort. 
ASAE (1983) states that air velocities should be maintained below 
0.3 m/s for pigs. However, the results in this study would indicate 
that air velocity has already done most of its damaging effect by the 
time it reaches 0.3 m/s. It appears that for 3 week old pigs, air 
velocity would need to remain at about 0.1 m/s ("still air") as defined 
by Mount et al. (1980) for temperatures of 30 C or below in order to 
keep pigs the most comfortable. For temperatures above 30 C, air 
2 
velocity should increase to follow the 690 cm PLA curve in Figure 17 
to keep the pigs comfortable. For 4 week old pigs, air velocity should 
remain at 0.1 m/s for temperatures below 28.5 C, then follow the 700 
2 
cm PLA curve in Figure 18 for temperatures above 28.5 C. For 5 week 
old pigs, the required air velocity is above 0.1 m/s for the 
temperature range studied in this project. For temperatures above 24 
2 
C, air velocity should follow the 780 cm PLA curve in Figure 19 to 
keep the pigs comfortable. 
The pictures were reviewed to determine if there was any pattern 
to the position of individual pigs from hour to hour, but none was 
apparent. The position of individual pigs in a huddling pile as well 
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as the shape and location of the huddling pile almost always changed 
from hour to hour which would indicate a lot of pig activity even when 
huddling. 
The huddling response in a group of pigs conserves energy and 
offsets the effect of a colder environment. Evidently the combined 
effects of huddling to conserve energy and eating more allowed the pigs 
in colder environments to have ADG values similar to pigs housed in the 
warmer environments studied in this project. 
Time of Digesta Passage 
The results for the time of digesta passage study are presented in 
Table 13. The statistical significance levels are given in Table 14. 
Both temperature and air velocity significantly affected TOP. 
Temperature was significant at under the one percent level and air 
velocity was significant at the 5 percent level. Figure 25 shows the 
plot of TOP as affected by temperature and air velocity. TOP values 
always appear to be higher at higher air temperatures and/or lower air 
velocities and lower at lower air temperatures auid/or higher air 
velocities. The plot of TDP has a number of similarities to the plot 
of PLA for the 14th day (Figure 19). Both are for the same age pig. 
Again, air velocity had more effect at the higher temperatures 
indicating the pigs may have been heat stressed and higher air velocity 
helped alleviate that stress. When Figure 25 is overlaid on Figure 19, 
it shows that the TDP curves for 14 to 15 hours correspond closest to 
2 
the PLA comfort curve of 780 cm . 
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Pigs observed to have diarrhea had lower TOP values than penmates 
without diarrhea. Therefore, TOP has potential for indicating diarrhea 
problems. Pigs 1D2 and 3B1 were observed to have diarrhea. Their TOP 
values were 47 and 44 percent less than the average of their penmates, 
respectively. See Table 13. 
Observing diarrhea and relating it to an individual pig is 
difficult under group conditions. Quantifying the degree of diarrhea 
from visual observations would be even more difficult. However, TOP 
may help quantify the degree of diarrhea severity for statistical 
comparison. Quantifying diarrhea tendency or severity would be another 
useful measure in assessing a pig's overall health status. More 
research would need to be done to determine this relationship. 
Blood Indicators 
Tables 15 and 16 give the average Complete Blood Count (CBC) 
values of the four pigs sampled in each chamber. The statistical 
significance levels are given in Table 17. Table 18 gives the general 
accuracies of some of the CBC tests. 
None of the CBC parameters were statistically different at the 5 
percent level with respect to air velocity. Only one parameter (plasma 
protein) was statistically significant at the 5 percent level with 
respect to temperature. Generally, the CBC parameters were not good 
indicators of environmental stress in the air velocity and temperature 
range studied in this experiment. 
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One method to gage the health status of the pigs is to compare the 
CBC parameters to published normal values. Table 19 gives normal 
values for some of the CBC parameters for pigs at 36 days of age. The 
pigs in this study were 38 days old on the average at the time blood 
was drawn. The normal hematology of an individual pig can vary from 
the published normal hematology of pigs just due to individual 
differences. Thus, comparing the CBC values of individual pigs may not 
necessarily indicate trends in health status or stress with respect to 
environment. Comparing the average CBC values of a group of pigs to 
the normal values is a better indicator of trends. 
Treatments that gave values lower or higher than the normal values 
given in Table 19 are indicated by an 'L' or an 'H', respectively, on 
Figures 10 and 11. These figures show no trends. All the PCV values 
were lower than the normal values. For the differential leukocyte 
count, some of the segmented neutrophil counts were slightly higher 
than the normal values and some of the monocyte counts were lower than 
the normal values, but no trends were found. All the eosinophil counts 
were lower than normal values. Generally, the deviation of the 
measured CBC values from published normal values did not display any 
useful trends. 
Pig Mortality 
Two pigs died during the experimental runs. A pig in Run #1, 
Chamber D (23.9 C and 0.264 m/s) died during the 11th day of the 
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experiment. The other pig was in Run #2, Chamber A (29.4 C and 0.261 
m/s) and died on the 12th day of the experiment. In both cases, the 
Iowa State Universtiy Diagnostic Laboratory isolated high levels of 
Escherichia coli from the pig's intestine and liver. 
At the end of Run #4, two pigs from Chamber B (33.3 C and 0.360 
m/s) were sacrificed and analyzed because they displayed severe 
symptoms of diarrhea and irregular behavior. One of the pigs had a 
high population of Escherichia coli in the intestine, brain, spleen, 
lungs, liver, and kidneys. It was diagnosed as suffering from "gut-
endema". The other pig had only a moderate level of Escherichia coli 
in the intestine but cachexia (general physical wasting) was apparent 
due to chronic diarrhea. 
From the post-mortem analysis of these four pigs, it is apparent 
that the pigs in this study were exposed to Escherichia coli even 
during the first run when the chambers were new. The mortality rate 
during the entire experiment was 1.5 percent. If the pigs were 
medicated at the first sign of diarrhea or at the beginning of the 
experiment, it may reduce health problems as a factor in the results. 
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TABLE 3. Growth performance results for the first week 
Based on data collected from the 1st day to the 8th day of the 
experiment. 
Run Chamber Conditions 
AOG 
kg/day/pig 
ADI 
kg/day/pig 
G/F 
kg gain/kg feed 
1 A 33.3 C, 0.150 m/s 0.0413 0.1914 0.2158 
1 B 29.4 C, 0.263 m/s 0.0356 0.1541 0.2312 
1 C 33.3 C, 0.363 m/s 0.0721 0.1765 0.4084 
1 D 23.9 C, 0.264 m/s 0.1102 0.2674 0.4120 
2 A 29.4 C, 0.261 m/s 0.0972 0.2349 0.4138 
2 B 35.0 C, 0.245 m/s 0.0546 0.1298 0.4117 
2 C 25.6 C, 0.357 m/s 0.0446 0.1740 0.2561 
2 D 25.6 C, 0.156 m/s 0.0397 0.2100 0.1890 
3 A 25.6 C, 0.145 m/s 0.0421 . 0.2277 0.1850 
3 B 33.3 C, 0.153 m/s 0.0275 0.1221 0.2256 
3 C 29.4 C, 0.380 m/s 0.0122 0.1591 0.0764 
3 D 29.4 C, 0.241 m/s 0.0737 0.2391 0.3083 
4 A 25.6 C, 0.359 m/s 0.0494 0.2432 0.2032 
4 B 33.3 C, 0.360 m/s 0.0446 0.1460 0.3050 
4 C 29.4 C, 0.249 m/s 0.0502 0.2651 0.1894 
4 D 29.4 C, 0.119 m/s 0.1264 0.2799 0.4514 
TABLE 4. Growth performance results for the second week 
Based on data collected from the 8th day to the 15th day of the 
experiment. 
ADG ADI G/F 
Run Chamber Conditions kg/day/pig kg/day/pig kg gain/kg feed 
1 A 33.3 C, 0.150 m/s 0.2487 0.3816 0.6517 
1 B 29.4 C, 0.263 m/s 0.1920 0.3280 0.5853 
1 c 33.3 C, 0.363 m/s 0.1952 0.3364 0.5803 
1 D 23.9 C, 0.264 m/s 0.2333* 0.4860* 0.4800* 
2 A 29.4 C, 0.261 m/s 0.1435* 0.2779* 0.5163* 
2 B 35.0 C, 0.245 m/s 0.1814 0.2636 0.6884 
2 C 25.6 C, 0.357 m/s 0.1701 0.2764 0.6155 
2 D 25.6 C, 0.156 m/s 0.2260 0.3533 0.6396 
3 A 25.6 C, 0.145 m/s 0.1709 0.3515 0.4863 
3 B 33.3 C, 0.153 m/s 0.0875 0.2061 0.4245 
3 C 29.4 C, 0.380 m/s 0.1247 0.2671 0.4671 
3 D 29.4 C, 0.241 m/s 0.0899 0.3073 0.2926 
4 A 25.6 C, 0.359 m/s 0.1466 0.4339 0.3379 
4 B 33.3 C, 0.360 m/s 0.0745 0.2360 0.3157 
4 C 29.4 C, 0.249 m/s 0.1588 0.3144 0.5050 
4 D 29.4 C, 0.119 m/s 0.2057 0.4271 0.4817 
"Based on an average of 7 pigs because one pig died during the second 
week of the experiment. 
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TABLE 5. Average growth performance over both weeks 
Based on data collected from the 1st day to the 15th day of the 
experiment. 
Run Chamber Conditions 
ADG 
kg/day/pig 
ADI 
kg/day/pig 
G/F 
kg gain/kg feed 
1 A 33.3 C, 0.150 m/s 0.1450 0.2865 0.5061 
1 B 29.4 C, 0.263 m/s 0.1138 0.2411 0.4721 
1 C 33.3 C, 0.363 m/s 0.1337 0.2564 0.5212 
1 D 23.9 C, 0.264 m/s 0.1676* 0.3694* 0.4635* 
2 A 29.4 C, 0.261 m/s 0.1188* 0.2550* 0.4659* 
2 B 35.0 C, 0.245 m/s 0.1175 0.1967 0.5971 
2 C 25.6 C, 0.357 m/s 0.1073 0.2252 0.4766 
2 D 25.6 C, 0.156 m/s 0.1328 0.2816 0.4717 
3 A 25.6 C, 0.145 m/s 0.1065 0.2896 0.3678 
3 B 33.3 C, 0.153 m/s 0.0575 0.1641 0.3505 
3 C 29.4 C, 0.380 m/s 0.0684 0.2131 0.3212 
3 D 29.4 C, 0.241 m/s 0.0818 0.2732 0.2994 
4 A 25.6 C, 0.359 m/s 0.0980 0.3385 0.2895 
4 B 33.3 C, 0.360 m/s 0.0595 0.1910 0.3116 
4 C 29.4 C, 0.249 m/s 0.1045 0.2897 0.3606 
4 D 29.4 C, 0.119 m/s 0.1661 0.3535 0.4697 
"Based on an average of 7.5 pigs over the 2 week period because one pig 
died during the second week of the experiment. 
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TABLE 6. Statistical significant levels for growth 
performance data 
T = temperature; T*T = temperature squared; V = 
air velocity; V*V = air velocity squared; T*V = 
temperature-air velocity interaction. 
Average Daily Gain (ADG) : 
Run T T*T V V*V T*V 
First week 0.6617 0.5924 0 .8882 0 .4228 0.6802 0.7512 
Second week 0.0101 0.0944 0 .6936 0 .0271 0.1690 0.9468 
Both weeks 0.0312 0.1419 0 .9311 0 .0395 0.4991 0.7600 
Average Daily Intake (ADD ; 
Run T T*T V V*V T*V 
First week 0.3070 0.0218 0 .4129 0 .1756 0.4341 0.7963 
Second week 0.0422 0.0085 0 .4194 0 .1383 0.6695 0.8403 
Both weeks 0.1039 0.0101 0 .9871 0 .1280 0.9282 0.9931 
kg Gain/kg Feed (G/F): 
Run T T*T V V*V T*V 
First week 0.6939 0.5044 0.6879 0.6818 0.6225 0.6204 
Second week 0.0299 0.5052 0.9063 0.2352 0.3115 0.9429 
Both weeks 0.0067 0.1510 0.6495 0.1033 0.4311 0.7730 
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TABLE 7. Average feed spillage near feeder 
Feed spillage, percent = (Feed on 
collection board, kg) / (Total feed 
consumed or spilled from feeder, kg). 
Run Chamber 
Feed spillage. percent 
1st week 2nd week Both weeks 
1 A 23 10 15 
B 15 10 12 
C 19 10 13 
D 18 12 14 
2 A 15 13 14 
B 15 8 10 
C 19 8 12 
D 22 12 16 
3 A 19 11 14 
B 19 17 18 
C 19 15 17 
D 23 16 19 
4 A 19 11 14 
B 22 17 19 
C 17 14 15 
D 17 11 14 
Overall average: 19 12 15 
78 
TABLE 8. Pig behavior results—2nd day of experiment 
HF = huddling factor, SF = standing factor, PLA = 
floor area occupied by lying pigs. 
Run Chamber Conditions HF SF 
2 
cm /lying pig 
1 A 33.3 C, 0.150 m/s 0.4708 0.3542 760.95 
1 B 29.4 C, 0.263 m/s 0.9868 0.2500 438.74 
1 C 33.3 C, 0.363 m/s 0.3856 0.2708 714.43 
1 D 23.9 C, 0.264 m/s 0.9091 0.3125 374.41 
2 A 29.4 C, 0.261 m/s 0.6553 0.3698 595.39 
2 B 35.0 C, 0.245 m/s 0.4533 0.2656 706.24 
2 C 25.6 C, 0.357 m/s 0.9334 0.2240 406.41 
2 D 25.6 C, 0.156 m/s 0.7450 0.2760 550.55 
3 A 25.6 C, 0.145 m/s 0.9131 0.2188 509.71 
3 B 33.3 C, 0.153 m/s 0.3966 0.2552 767.40 
3 C 29.4 C, 0.380 m/s 0.7811 0.2448 507.84 
3 D 29.4 C, 0.241 m/s 0.6763 0.2656 593.71 
4 A 25.6 C, 0.359 m/s 0.8935 0.3750 417.19 
4 B 33.3 C, 0.360 m/s 0.4296 0.4010 636.68 
4 C 29.4 C, 0.249 m/s 0.6317 0.2813 517.26 
4 D 29.4 C, 0.119 m/s 0.5009 0.2396 627.46 
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TABLE 9. Pig behavior results—7th day of experiment 
HF = huddling factor, SF = standing factor, FLA = 
floor area occupied by lying pigs. 
Run Chamber Conditions HF SF 2 cm /lying pig 
1 A 33.3 C, 0.150 m/s 0.1762 0.1927 807.92 
1 B 29.4 C, 0.263 m/s 0.8551 0.1719 533.00 
1 C 33.3 C, 0.363 m/s 0.4233 0.2708 723.40 
1 D 23.9 C, 0.264 m/s 0.8444 0.3385 477.13 
2 A 29.4 C, 0.261 m/s 0.7182 0.2865 684.36 
2 B 35.0 C, 0.245 m/s 0.3398 0.1563 769.92 
2 C 25.6 C, 0.357 m/s 0.9462 0.1667 496.48 
2 D 25.6 C, 0.156 m/s 0.8460 0.1667 565.71 
3 A 25.6 C, 0.145 m/s 0.7938 0.2760 553.84 
3 B 33.3 C, 0.153 m/s 0.4149 0.1615 724.04 
3 C 29.4 C, 0.380 m/s 0.8775 0.1823 465.83 
3 D 29.4 C, 0.241 m/s 0.7721 0.3281 634.36 
4 A 25.6 C, 0.359 m/s 0.9802 0.2917 428.99 
4 B 33.3 C, 0.360 m/s 0.4741 0.1979 661.59 
4 C 29.4 C, 0.249 m/s 0.6751 0.2917 507.97 
4 D 29.4 C, 0.119 m/s 0.3333 0.1615 755.98 
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TABLE 10. Pig behavior results—14th day of experiment 
Run Chamber Conditions HF SF 2 cm /lying pig 
1 A 33.3 C, 0.150 ra/s 0.1397 0.3021 961.41 
1 B 29.4 C, 0.263 m/s 0.6026 0.1719 793.60 
1 C 33.3 C, 0.363 m/s 0.2713 0.1875 904.12 
1 D 23.9 C, 0.264 m/s 0.6974 0.3274 731.91 
2 A 29.4 C, 0.261 m/s 0.4206 0.3155 882.05 
2 B 35.0 C, 0.245 m/s 0.2312 0.3229 848.57 
2 C 25.6 C, 0.357 m/s 0.6178 0.3333 781.72 
2 D 25.6 C, 0.156 m/s 0.4678 0.3229 852.83 
3 A 25.6 C, 0.145 m/s 0.6818 0.5052 695.59 
3 B 33.3 C, 0.153 m/s 0.1515 0.2240 797.79 
3 C 29.4 C, 0.380 m/s 0.6651 0.3021 591.65 
3 D 29.4 C, 0.241 m/s 0.5215 0.2760 765.53 
4 A 25.6 C, 0.359 m/s 0.7943 0.3594 571.78 
4 B 33.3 C, 0.360 m/s 0.3899 0.3021 729.66 
4 C 29.4 C, 0.249 m/s 0.4702 0.3177 660.36 
4 D 29.4 C, 0.119 m/s 0.1448 0.2188 966.90 
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TABLE 11. Statistical significance levels of pig behavior 
data 
T = temperature; T*T = temperature squared; V = 
air velocity; V*V = air velocity squared; T*V = 
temperature-air velocity interaction. 
Run T T*T V V*V T*V 
2nd day 0.6660 0 .0008 0 .4552 0 .2506 0 .3976 0.5644 
7 th day 0.1776 0 .0001 0 .1440 0 .0028 0 .0979 0.9134 
14th day 0.2324 0 .0002 0 .9019 0 .0037 0 .1160 0.6764 
Standing Factor (SF) 1 : 
Run T T*T V V*V T*V 
2nd day 0.5250 0 .6417 0 .7037 0 .5848 0 .6149 0.8476 
7 th day 0.3830 0 .1339 0 .8815 0 .4916 0 .0712 0.5343 
14 th day 0.4061 0 .1173 0 .1467 0 .8220 0 .8636 0.6296 
Pig Lying Area (PLA) ; 
Run T T*T V • V*V T*V 
2nd day 0.7855 0, .0001 0 .5895 0, .0221 0 .1498 0.7108 
7 th day 0.4842 0 .0007 0 .8867 0 .0129 0 .3034 0.7968 
14 th day 0.0215 0, .0278 0 .2771 0, .0088 0 .1362 0.7371 
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TABLE 12. Huddling pile characteristics 
The number in parentheses is the average of the pig lying 
area for the experimental units that matched the huddling 
category. 
Piling; 2-3 Piling; 1-2 Tight Loose Spread 
layers deep layers deep huddling huddling out 
— — — — Approximate pig 2 lying area, cm - — — — 
2nd day, 
about 3 350-500 500-600 600-700 700-800 
weeks of age (409) (546) (632) (737) 
7th day. 
about 4 450-500 500-650 650-700 700-800 800-850 
weeks of age (467) (559) (673) (743) (808) 
14th day. 
about 5 550-650 650-800 800-900 900-1,000 
weeks of age (582) (728) (832) (920) 
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TABLE 13. Time of digesta passage results 
Pig I.D. = pig identification code; 1st digit = 
run, 2nd digit = chamber, 3rd digit = pig number. 
TOP = time of digesta passage. 
Ferric oxide Chromic oxide 
Pig TOP, Pig TDP, Average TOP 
Conditions I.D. h I.D. h per chamber, h 
33.3 C, 0.150 m/s 1A5, 18.83, 1A3, 18.88, 18.96 
1A6 18.88 1A7 19.25 
29.4 C, 0.263 m/s IBl, 11.27, 1B3, 17.97, 15.99 
1B7 16.60 1B4 18.10 
33.3 C, 0.363 m/s 1C2, 11.30, ICI, 18.18, 16.96 
1C3 19.08 1C6 19.28 
23.9 C, 0.264 m/s 1D2, 7.33, 1D5, 14.17, 13.43 
1D4 18.03 1D6 14.20 
29.4 C, 0.261 m/s 2A2, 17.08, 2A1, 15.77, 16.89 
2A6 — 2A4 17.83 
35.0 C, 0.245 m/s 2B4, 17.92, 2B5, 16.58, 17.77 
2B8 18.33 2B6 18.25 
25.6 C, 0.357 m/s 2C4, 12.42, 2C1, 15.72, 13.72 
2C6 15.08 2C7 11.65 
25.6 C, 0.156 m/s 2D1, 16.83, 2D4, 20.20, 19.13 
2D3 19.25 2D7 20.25 
25.6 C, 0.145 m/s 3A3, 8.75, 3A6, 11.18, 12.13 
3A5 17.25 3A7 11.35 
33.3 C, 0.153 m/s 3B1, 8.75, 3B2, 20.63, 17.13 
3B3 17.98 3B8 21.17 
29.4 C, 0.380 m/s 3C3, 9.07, 3C5, 14.58, 13.56 
3C4 10.00 3C7 20.58 
29.4 C, 0.241 m/s 3D3, 11.03, 3D7, 14.62, 15.12 
3D6 13.98 3D8 20.83 
25.6 C, 0.359 m/s 4A1, 8.50, 4A6, 8.50, 9.05 
4A2 8.75 4A7 10.43 
33.3 C, 0.360 m/s 4B6, 14.48, 4B2, 11.55, 11.88 
4B7 9.50 4B3 12.00 
29.4 C, 0.249 m/s 4C6, 8.67, 4C2, 13.50, 11.21 
4C8 8.67 4C3 13.98 
29.4 C, 0.119 m/s 4D4, 13.83, 4D2, 11.33, 11.83 
4D6 8.62 4D3 13.52 
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TABLE 14. Statistical significance levels for 
time of digesta passage 
T = temperature; T*T = temperature 
squared; V = air velocity; V*V = air 
velocity squared; T*V = temperature-
air velocity 
Run T T*T V V*V T*V 
0.0030 0.0080 0.4614 0.0495 0.7164 0.7773 
TABLE 15. Averaged blood tests results 
Average values for the four pigs sampled from each chamber. 
Run Chamber 
Hemoglobin 
g/deciliter 
Packed-
Cell 
volume 
percent 
White Blood Plasma 
Cells Protein 
cells/microliter g/deciliter 
Fibrinogen 
mg/deciliter 
Neutrophil/ 
Lymphocyte 
ratio 
1 A 10.53 32.25 13,600 4.53 150 0.9696 
1 B 9.58 28.50 10,325 4.43 200 0.8782 
1 C 10.80 32.00 10,200 4.33 150 0.4280 
1 D 11.20 33.75 14,325 4.83 200 0.8141 
2 A 11.98 36.25 15,825 4.65 250 0.5440 
2 B 10.93 32.50 17,925 3.85 150 1.0189 
2* C 11.77 35.33 18,233 4.27 167 0.9835 
2* D 10.93 33.67 14,033 4.33 167 0.6893 
3 A 9.85 31.00 21,700 5.05 150 0.8973 
3 B 11.35 34.50 17,150 4.63 125 0.6453 
3 C 11.10 33.50 16,400 4.83 150 0.5776 
3 D 11.68 36.00 17,175 4.68 150 0.5198 
4 A 9.33 32.50 13,300 4.03 150 1.1817 
4 B 9.78 32.50 10,350 3.83 125 0.4505 
4 C 9.63 32.50 10,650 3.75 200 0.8738 
4 D 9.33 31.00 11,775 4.05 300 0.6221 
*One blood sample contained a blood clot and was not used, so these averages are based on only 
3 pigs. 
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TABLE 16. Average differential and absolute leukocyte counts 
Table values are the average of the four blood samples drawn 
from pigs in each run/chamber combination. 
Averaged differential leukocyte count, percent 
. Neutrophil 
Run Chamber Band Segmented Lymphocyte Monocyte Eosinophil Basophil 
1 A 0.63 45.13 47.88 4.38 2.00 0 
1 B 0.75 39.00 55.50 2.88 1.88 0 
1 C 0.50 27.88 67.63 2.38 1.25 0.38 
1 D 0.25 39.25 57.00 2.00 1.38 0.13 
2 A 0 33.50 61.88 2.25 1.63 0,75 
2 B 0.25 48.13 49.00 1.75 0.50 0.38 
2 C 0 46.67 50.00 3.00 0.33 0 
2 D 0 38.67 56.50 2.33 1.67 0.83 
3 A 1.25 44.50 51.75 1.75 0.75 0 
3 B 1.38 36.50 59.63 1.63 0.88 0 
3 C 1.13 34.50 62.00 1.63 0.75 0 
3 D 0.50 31.38 65.88 1.88 0.38 0 
4 A 1.00 47.00 47.38 3.25 1.25 0.13 
4 B 1.00 26.63 66.38 4.75 1.13 0.13 
4 C 0.88 40.00 53.38 3.38 2.38 0 
4 D 0.13 35.75 59.25 3.75 1.13 0 
Averaged absolute leukocyte count, cells/microliter 
Neutrophil 
Run Chamber Band Segmented Lymphocyte Monocyte Eosinophil Basophil 
1 A 104.38 6,316.75 6,240.25 605.75 32.88 0 
1 B 66.0 4,611.63 5,125.25 285.88 236.25 0 
1 C 54.13 2,881.38 6,873.50 227.25 131.13 32.63 
1 D 25.50 5,848.75 7,893.00 319.50 225.00 13.25 
2 A 0 5,339.88 9,677.0 375.75 302.63 129.75 
2 B 37.88 8,756.75 8,635.38 325.38 97.75 71.88 
2 C 0 8,628.33 8,957.5 575.5 72.0 0 
2 D 0 5,491.0 7,884.67 319.0 218.5 120.17 
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TABLE 16. (continued) 
Averaged absolute leukocyte count, cells/microliter 
Neutrophil 
Run Chamber Band Segmented Lymphocyte Monocyte Eosinophil Basophil 
3 A 290.0 9,898.25 10,963.63 390.38 157.75 0 
3 B 237.63 6,272.13 10,199.0 285.63 155.63 0 
3 C 193.50 5,666.88 10,150.75 258.0 130.88 0 
3 D 88.38 5,320.50 11,379.63 322.0 64.50 0 
4 A 149.75 6,449.25 6,065.50 438.00 180.50 17.0 
4 B 92.50 2,866.75 6,760.0 483.38 132.0 15,38 
4 C 124.63 4,537.25 5,342.13 381.63 264.38 0 
4 D 20.38 4,399.88 6,735.88 497.63 121.25 0 
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TABLE 17. Statistical Significance levels for averaged 
blood indicator data 
T = temperature; T*T = temperature squared; V = 
air velocity; V*V = air velocity squared; T*V = 
temperature-air velocity interaction. 
Run T T*T V V*V T*V 
Some Complete Blood Count Parameters ; 
Hemoglobin 0.0357 0.7880 0.9432 0 .3360 0 .6351 0.4397 
Packed-Cell 
Volume 0.2647 0.8434 0.9593 0 .4631 0 .5864 0.3983 
White Blood 
Cells 0.0033 0.2236 0.0681 0 .5016 0 .9785 0.2890 
Plasma 
Protein 0.0026 0.0289 0.5897 0 .5653 0 .5435 0.9017 
Fibrinogen 0.2398 0.3237 0.0699 0, .1456 0 .9351 0.9732 
Neutrophil/ 
Lymphocyte 
Ratio 0.8533 0.2503 0.2233 0, .6298 0, .6201 0.0716 
Differential Leukocyte Count ; 
Band 0.0369 0.4511 0.4498 0. 5243 0, .9453 0.8392 
Segmented 0.8771 0.2701 0.1967 0. 3481 0, .8979 0.0691 
Lymphocyte 0.7987 0.3416 0.2651 0. ,3132 0. ,9513 0.0811 
Monocyte 0.0334 0.4409 0.5674 0. ,7194 0. 2998 0.6412 
Eosinophil 0.0889 0.8482 0.1667 0. ,2212 0, ,4497 0.800 
Basophil 0.0872 0.8902 0.8409 0. 8214 0, ,9993 0.1038 
Absolute Leukocyte Count : 
Band 0.0290 0.8678 0.3444 0. 8858 0. 7866 0.8084 
Segmented 0.1877 0.2659 0.0976 0. 4356 0. 9947 0.2009 
Lymphocyte 0.0013 0.6876 0.4507 0. 7889 0. 8932 0.7219 
Monocyte 0.4036 0.8305 0.8845 0. 4548 0. 2962 0.1824 
Eosinophil 0.8290 0.2369 0.3641 0. 8739 0. 1701 0.3803 
Basophil 0.0519 0.7833 0.7424 0. 6548 0. 7148 0.1611 
89 
TABLE 18. Accuracy of blood tests 
General accuracies of standard complete 
blood count tests. 
Hemoglobin, Hb 
Packed-Cell Volume, PCV 
White blood cells, WBC 
Plasma protein 
Fibrinogen 
Differential Leukocyte Count 
± 0.2 g/deciliter 
± 2 percent 
± 3 percent 
± 0.2 g/deciliter 
± 200 mg/deciliter 
± 4 percent 
TABLE 19. Normal hematology of 36 day old pigs 
For Duroc-Jersey pigs raised on concrete until 10 days 
of age, then placed on soil. From Schalm (1975). 
Blood test Minimum Maximum Average 
Hemoglobin (Hb), gm/dl 11.3 13.3 12.1 
Packed-Cell Volume (PCV), percent 37.0 44.0 39.7 
White Blood Cells (WBC), cell/ul 12,700 20,900 16,300 
Differential Leukocyte Count, percent 
Neutrophils 
Band 0 5.0 1.8 
Segmented 28.0 43.0 33 
Lymphocytes 40.0 68.0 52 
Monocytes 3.0 10.5 6 
Eosinophils 3.5 14.0 7 
Basophils 0 1.5 0.5 
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FIGURE 7. ADG results for various runs 
The point represents the general location of the 
experimental runs with respect to temperature and air 
velocity. The number in parentheses is the Run number at 
which one of the chambers was at the corresponding point. 
The number is the result of that run in kg/pig/day. 
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FIGURE 8. ADI results for various runs 
The point represents the general location of the 
experimental runs with respect to temperature and air 
velocity. The number in parentheses is the Run number at 
which one of the chambers was at the corresponding point. 
The number is the result of that run in kg/pig/day. 
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FIGURE 9. TDP results for various runs 
The point represents the general location of the 
experimental runs with respect to temperature and air 
velocity. The number in parentheses is the Run number at 
which one of the chambers was at the corresponding point. 
The number is the result of that run in hours. 
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FIGURE 10. Hemoglobin results for various runs 
The point represents the general location of the 
experimental runs with respect to temperature and air 
velocity. The number in parentheses is the Run number at 
which one of the chambers was at the corresponding point. 
The number is the result of that run in g/deciliter. L = a 
value lower than normal (Table 19). 
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FIGURE 11. White blood cell levels for various runs 
The point represents the general location of the 
experimental runs with respect to temperature and air 
velocity. The number in parentheses is the Run number at 
which one of the chambers was at the corresponding point. 
The number is the result of that run in g/deciliter. L = 
value lower than normal (Table 19). H = a value higher 
than normal (Table 19). 
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FIGURE 12. Plasma protein levels for various runs 
The point represents the general location of the 
experimental runs with respect to temperature and air 
velocity. The number in parentheses is the Run number at 
which one of the chambers was at the corresponding point. 
The number is the result of that run in g/deciliter. 
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Plot of ADG for the first week 
Curves represent the average daily gain for the first week 
in kg/pig/day. The plot is based on the equation: 
ADG = 0.0816 + 0.00170T - O.OOOIOST^ - 0.0433V - 0.748V^ + 
O.OlllTV 
where: 
ADG = average daily gain, kg/pig/day 
T = air temperature, C 
V = air velocity, mÂ 
2 
Regression coefficient, r = 0.280677. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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FIGURE 14. Plot of ADG for the second week 
Curves represent the average daily gain for the second week 
in kg/pig/day. The plot is based on the equation: 
ADG = 0.700 - 0.194T + 0.000245T^ - 1.323V + 2.016V^ + 
0.00185TV 
where: 
ADG = average daily gain, kg/pig/day 
T = air temperature, C 
V = air velocity, m/s 
2 
Regression coefficient, R = 0.844293. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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FIGURE 15. Plot Of ADI for the first week 
Curves represent the average daily feed intake for the 
first week of the experiment in kg/pig/day. The plot is 
based on the equation; 
ADI = -0.260 + 0.041T - 0.000895T^ + 0.305V - 1.533V^ + 
0.00984TV 
where: 
ADI = average daily feed intake, kg/pig/day 
T = air temperature, C 
V = air velocity, m/s 
2 
Regression coefficient, R = 0.692517. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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FIGURE 16. Plot Of ADI for the second week 
Curves represent the average daily feed intake for the 
second week of the experiment in kg/pig/day. The plot is 
based on the equation: 
ADI = 1.717 - 0.0759T + O.OllT^ - 0.476V + 0.993V^ -
0.00919TV 
where: 
ADI = average daily feed intake, kg/pig/day 
T = air temperature, C 
V = air velocity, m/s 
2 
Regression coefficient, R = 0.799685. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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FIGURE 17. Plot of pig lying area for the 2nd day 
Curves represent the average floor area occupied by each 
pig lying down. The plot is based on the equation: 
PLA = 690 - 12.863T + 0.674T^ - 2,926.596V + 3,777.094V^ + 
18.513TV 
where: _ 
PLA = lying pig area, cm 
T = air temperature, C 
V = air velocity, ra/s 
2 
Regression coefficient, R = 0.913488. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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FIGURE 18. Plot of pig lying area for the 7th day 
Curves represent the average floor area occupied by each 
pig lying down. The plot is based on the equation: 
PLA = 360 + 15.933T + 0.132T^ - 2,631.794V + 3,076.1097^ 
15.209TV 
where: _ 
PLA = lying pig area, cm 
T = air temperature, C 
V = air velocity, m/s 
2 
Regression coefficient, R = 0.870777. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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FIGURE 19. Plot of pig lying area for the 14th day 
Curves represent the average floor area occupied by each 
pig lying down. The plot is based on the equation: 
PLA = -1024 + 147.528T - 2.361T^ - 3,837.979V + 4,935.704V^ 
+ 20.988TV 
where: , 
PLA = lying pig area, cm 
T = air temperature, C 
V = air velocity, m/s 
2 Regression coefficient, R = 0.844092. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
FIGURE 20. Pig huddling at 33.3 C and 0.150 m/s 
FIGURE 21. Pig huddling at 33.3 C and 0.363 m/s 
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FIGURE 22. Pig huddling at 29.4 C and 0.263 m/s 
FIGURE 23. Pig huddling at 23.9 C and 0.264 m/s 
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FIGURE 24. Average number of lying pigs for each hour of the day 
Average of all runs and all chambers. 
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FIGURE 25. Plot Of time of digesta passage response 
Curves represent time of digesta passage response in hours. 
The plot is based on the equation: 
TOP = -15.134 + 2.OUT - 0.0293T^ - 30.916V + 21.584V^ + 
0.355TV 
where: 
TOP = time of digesta passage, h 
T = air temperature, C 
V = air velocity, m/s 
2 
Regression coefficient, R = 0.902550. 
This equation is valid only in the environmental range 
indicated by the graph axis. 
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CONCLUSIONS 
1. For the environmental range studied, average daily gain 
generally decreased with an increase in air velocity and increased with 
a decrease in temperature. Average daily feed intake generally 
followed the same trends as average daily gain. Cooler temperatures 
tended to stimulate the pig's appetite, but making the pig feel colder 
with higher air velocities did not. Generally, the above trends were 
not statistically significant (P < 0.05) but more replications may show 
them to be. 
2. The standing factor was not significantly affected by 
temperature or air velocity, but the huddling factor and the floor area 
occupied by lying pigs were. The floor area occupied by lying pigs was 
a stronger indicator of environmental stress than was the huddling 
factor. Lower air velocities had a stronger effect on huddling 
behavior than the higher air velocities. Air velocities above 0.31 m/s 
generally had little effect on huddling behavior. It was assumed that 
the pigs were most comfortable when lying next to each other but not 
tightly together. According to this assumption, the pigs were most 
2 
comfortable when PLA was: 1) about 690 cm for 3 week old pigs; 2) 
2 2 
about 700 cm for 4 week old pigs; and 3) about 780 cm for 5 week old 
pigs. The following equations can be used to calculate the most 
comfortable temperature for a given air velocity or vice versa: 
1. 3 week old pigs: 
0.674T^ - I2.863T + 18.513TV - 2,926.596V + 3,777.094V^ = 0 
2. 4 week old pigs: 
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0.132T^ + 15.013T + 15.209TV - 2,631.794V + 3,076.1097^ -
340 = 0 
3. 5 week old pigs: 
- 2.361T^ + 147.528T + 20.988TV - 3,837.979V + 4,935.7047^ -
1,804 = 0 
3. The time of digesta passage (TOP) was significantly affected by 
air velocity and temperature. TOP was most affected by air velocity at 
the higher temperatures (> 31 C). Air velocity had little effect on 
TDP at lower temperatures. TOP was a good indicator of environmental 
stress, but the data collection process was cumbersome. TDP has 
potential for quantifying the severity of diarrhea. 
4. The Complete Blood Count (CBC) parameters generally were not 
good indicators of environmental stress for the ranges studied. The 
comparison of the measured CBC values with normal CBC values did not 
indicate any useful trends. 
5. Two pigs died during the experimental runs and both pigs had 
high levels of Escherichia coli in the intestine. This a mortality 
rate of 1.5 percent which is low relative to typical production 
systems, not medicated. However, the pigs were well isolated from 
other groups and there was excellent air distribution to all parts of 
the chamber. 
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SUMMARY AND DISCUSSION 
The responses from the pigs in this research project indicate that 
weanling pigs experience both heat and cold stress in the air velocity 
and temperature range studied. However, this experiment showed that 
pigs could adapt.to a relatively cold environment by huddling tighter 
and eating more. The pigs were exposed to temperatures from 24 C to 35 
C and to air velocities from 0.12 m/s to 0.38 m/s, yet the pigs' gain 
and feed conversion efficiency were not strongly affected. In fact, 
the pigs appeared to do slightly better at the lower temperatures as 
long as air velocity was low. 
The best tests for monitoring environmental stress were the floor 
area occupied by lying pigs and the time of digesta passage. Average 
daily gain and average daily intake may prove to be significant 
responses if more replications are taken. These growth performance 
parameters should be included in all future experiments but more 
replications should be taken. The Complete Blood Count parameters did 
not respond significantly to the environmental treatments and probably 
are not worth the cost and time investment in future experiments. 
Another experimental run should be done over the same air 
temperature and velocity range as this experiment to get more 
replications. More replications of the same environmental treatments 
may show average daily gain and average daily intake to be significant 
and may give a better indication of what is happening at the edges of 
the environmental range. Future experiments should also be done at 
112 
higher air velocities in the same temperature range because these 
conditions could exist under typical production conditions. Possibly 
the environmental ranges of the two experiments could overlap some to 
give more replications of common points. It would be interesting to 
see if pig huddling behavior is really not affected by increased air 
velocity at the higher range of air velocity. Future experiments also 
need to be run at lower temperatures to determine if the average daily 
gain continues to increase as temperatures decreases. 
In future experiments, diarrhea incidence and severity should be 
monitored more closely and possibly quantified. Time of digesta 
passage appears to indicate diarrhea and may be useful in this 
procedure. The pigs should be medicated at the beginning of the 
experiment to reduce disease incidence as a factor. Bacteria levels in 
the chambers should also be checked in future experiments to determine 
if all pig groups are exposed to the same levels of bacteria. Possibly 
some experiments could be done on the effect of environment on bacteria 
levels and pig disease incidence. 
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APPENDIX: RAW DATA FOR PAPER II 
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TABLE 20. Pig data for Run #1: 02/13/86 - 02/27/86 
Pig Litter Initial Pig weight, kg 
number number age, days 1st day 8th day 15th day Sex 
Chamber A; 
1 2,340 23 7.44 7.67 8.94 F 
2 2,340 23 5.94 5.99 7.21 M 
3 2,320 24 5.44 6.17 8.53 F 
4 2,320 24 5.13 5.81 7.48 M 
5 2,400 21 5.62 5.53 7.44 M 
6 2,400 21 4.67 5.13 7.35 F 
7 2,320 24 5.13 4.99 6.21 F 
8 2,370 22 4.81 5.22 7.26 M 
Averages : 22.75 5.52 5.81 7.55 
Chamber B: 
1 2,400 21 5.08 5.26 6.80 F 
2 2,340 23 5.67 5.85 7.03 F 
3 2,320 24 5.35 4.90 5.44 F 
4 2,320 24 5.26 5.62 7.12 M 
5 2,370 22 5.40 6.40 8.98 M 
6 2,340 23 4.13 3.36 2.99 M 
7 2,400 21 4.99 5.67 7.08 F 
8 2,370 22 4.99 5.81 8.16 F 
Averages : 22.5 5.11 5.36 6.70 
Chamber C: 
1 2,320 24 5.44 5.90 7.39 M 
2 2,400 21 5.72 6.35 7.62 M 
3 2,400 21 4.67 5.53 6.94 M 
4 2,340 23 5.13 5.40 6.26 M 
5 2,340 23 5.03 4.99 5.94 M 
6 2,320 24 5.72 5.81 7.17 F 
7 2,370 22 4.81 5.81 7.48 F 
8 2,370 22 5.17 5.94 7.85 M 
Averages : 22.5 5.21 5.72 7.08 
Chamber D: 
1 2,400 21 5.31 5.94 Dead 
2 2,400 21 4.13 4.67 5.72 M 
3 2,340 23 5.81 5,81 6.44 M 
4 2,320 24 5.67 6.03 7.48 M 
5 2,320 24 5.08 6.49 8.39 F 
6 2,320 24 6.26 7.30 9.43 F 
7 2,370 22 4.85 5.67 7.53 M 
8 2,370 22 3.95 5.31 7.71 M 
Averages : 22.63 5.13 5.90 16.60 
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TABLE 21. Pig data for Run #2: 03/17/86 - 03/31/86 
Pig Litter Initial Pig weight f kg 
number number age, days 1st day 8th day 15th day Se] 
Chamber A: 
1 2,700 23 5.58 6.17 7.30 F 
2 2,640 25 6.03 7.08 8.35 F 
3 2,660 24 6.58 6.80 8.03 F 
4 2,700 23 5.35 5.85 6.62 M 
5 2,650 25 6.67 7.12 8.12 F 
6 2,640 25 4.76 5.44 6.17 M 
7 2,660 24 5.17 5.58 Dead M 
8 2,650 25 4.94 5.40 6.81 M 
Averages i: 24.25 5.64 6.18 7.34 
Chamber B: 
1 2,650 25 6.76 6.99 8.62 F 
2 2,650 25 5.13 5.44 6.53 F 
3 2,660 24 6.08 6.53 7.76 F 
4 2,640 25 4.81 4.49 5.49 M 
5 2,700 23 5.40 5.40 6.12 M 
6 2,700 23 5.35 5.90 7.17 M 
7 2,660 24 5.03 5.40 6.49 F 
8 2,640 25 4.94 5.26 7.39 F 
Averages 24.25 5.44 5.68 6.95 
Chamber C; 
1 2,700 23 4.81 4.81 5.72 M 
2 2,650 25 7.76 8.16 11.02 F 
3 2,650 25 5.72 5.99 7.21 M 
4 2,640 25 4.81 4.76 5.62 F 
5 2,660 24 6.03 6.12 7.17 M 
6 2,640 25 5.35 5.99 6.94 M 
7 2,700 23 4.76 4.72 5.62 M 
8 2,700 23 5.76 5.85 6.62 M 
Averages : 24.13 5.63 5.80 6.99 
Chamber : D: 
1 2,640 25 6.03 6.53 8.39 M 
2 2,700 23 4.67 5.03 6.40 M 
3 2,640 25 5.53 6.17 7.98 F 
4 2,700 23 4.85 5.03 7.17 M 
5 2,650 25 5.40 5.67 7.03 M 
6 2,660 24 6.53 6.26 7.53 M 
7 2,700 23 6.12 6.40 7.85 F 
8 2,660 24 7.53 7.80 9.21 M 
Averages : 24.0 5.83 6.11 7.69 
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TABLE 22. Pig data for Run #3: 05/09/86 - 05/23/86 
Pig 
number 
Litter 
number 
Initial 
age, days 1st day 
Pig weight 
8th day 
, kçr 
15th day Sei 
Chamber A: 
1 4,290 24 8.03 8.30 9.03 F 
2 4,290 24 7.12 7.58 9.07 M 
3 4,300 24 4.85 5.03 5.76 M 
4 4,310 23 5.72 6.03 6.99 M 
5 4,300 24 4.67 5.17 6.03 M 
6 4,260 24 6.71 7.03 8.07 F 
7 4,260 24 6.12 6.03 7.12 M 
8 4,310 23 6.35 6.76 9.43 M 
Averages : 23.75 6.20 6.49 7.69 
Chamber B: 
1 4,300 24 4.49 4.90 5.35 F 
2 4,260 24 4.31 4.22 4.76 M 
3 4,300 24 4.63 4.54 5.35 M 
4 4,290 24 6.53 7.44 8.71 M 
5 4,310 23 5.22 4.99 5.94 M 
6 4,290 24 6.26 6.58 6.67 F 
7 4,260 24 6.35 6.40 6.53 F 
8 4,260 24 6.49 6.76 7.39 M 
Averages 23.88 5.54 5.73 6.34 
Chamber C: 
1 4,310 23 5.76 6.26 8.30 F 
2 4,290 24 7.85 8.07 9.53 M 
3 4,300 24 4.72 4.72 5.58 M 
4 4,300 24 4.76 4.08 4.17 M 
5 4,260 24 4.85 4.94 5.26 M 
6 4,290 24 6.12 6.26 7.17 M 
7 4,260 24 6.12 6.40 7.35 M 
8 4,310 23 5.22 5.35 5.72 F 
Averages 23.75 5.68 5.76 6.63 
Chamber : D: 
1 4,290 24 5.44 6.26 6.26 F 
2 4,310 23 5.62 6.35 6.35 M 
3 4,300 24 5.40 6.53 6.53 M 
4 4,310 23 5.94 6.94 6.94 F 
5 4,290 24 7.03 9.43 9.43 F 
6 4,300 24 4.45 5.58 5.58 M 
7 4,260 24 6.53 8.07 8.07 F 
8 4,260 24 7.58 7.98 7.98 F 
Averages : 23.75 6.00 7.14 7.14 
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TABLE 23. Pig data for Run #4: 07/03/86 - 07/17/86 
Pig 
number 
Litter 
number 
Initial 
age, days 1st day 
Pig weight 
8th day 
f kg 
15th day Se; 
Chamber A: 
1 9,000 22 4.85 5.13 5.94 F 
2 9,000 22 4.17 4.45 4.99 M 
3 9,020 21 4.31 4.40 4.63 F 
4 4,910 23 6.35 7.03 8.26 M 
5 9,020 21 4.72 5.26 5.94 M 
6 4,990 22 6.26 6.85 8.89 M 
7 4,990 22 4.54 4.94 5.94 M 
8 4,960 23 6.89 6.80 8.48 M 
Averages : 22.00 5.26 5.61 6.63 
Chamber B: 
1 9,020 21 4.35 5.31 6.12 F 
2 4,990 22 4.13 4.81 5.08 M 
3 4,990 22 3.72 4.45 5.53 F 
4 4,960 23 7.71 6.49 6.71 F 
5 9,020 21 4.31 4.76 5.53 F 
6 9,000 22 5.62 6.53 7.53 F 
7 9,000 22 4.54 5.03 5.72 M 
8 9,020 21 4.08 3.58 2.90 M 
Averages : 21.75 4.81 5.12 5.64 
Chamber C; 
1 9,020 21 3.63 4.04 4.90 F 
2 4,990 22 3.81 4.22 5.35 M 
3 4,990 22 3.67 4.31 5.58 M 
4 4,960 23 6.08 6.58 8.12 M 
5 9,020 21 3.63 3.81 4.31 M 
6 9,000 22 4.49 4.94 5.90 F 
7 4,960 23 7.85 7.62 9.16 F 
8 9,000 22 4.94 5.40 6.49 F 
Averages 1 22.00 4.76 5.11 6.23 
Chamber : D: 
1 9,020 21 3.58 4.40 5.44 M 
2 4,990 22 5.40 6.53 8.39 M 
3 4,990 22 5.35 6.08 7.71 M 
4 9,000 22 4.85 5.81 6.80 F 
5 9,020 21 4.49 5.17 6.76 F 
6 9,000 22 4.40 5.44 6.49 F 
7 9,020 21 3.58 4.13 5.08 F 
8 4,960 23 7.89 9.07 11.48 M 
Averages : 21.75 4.94 5.83 7.27 
TABLE 24. Individual pig blood test results for Run 1 
Pig 
I.D. Conditions 
Hb 
g/deciliter 
PCV 
percent 
WBC 
cell/microliter 
Plasma 
Protein 
g/deciliter 
Fibrinogin 
mg/deciliter 
1A3 33,3 C, 9.4 31 11,200 4.7 100 
1A5 10.7 32 13,700 4.3 200 
1A6 0.150 m/s 10.8 33 21,200 4.3 . 100 
1A7 11.2 33 8,300 4.8 200 
IBl 29.4 C, 9.4 28 15,500 4.0 200 
1B3 7.3 24 5,700 5.1 200 
1B4 0.263 m/s 10.0 30 8,200 4.4 200 
1B7 11.6 32 11,900 4.2 200 
ICI 33.3 C, 10.5 30 11,100 4.2 200 
1C2 11.0 33 9,800 4.0 100 
1C3 0.363 m/s 11.0 32 11,200 4.7 200 
1C6 10.7 33 8,700 4.4 100 
1D2 23.9 C, 12.1 36 17,900 4.9 200 
1D4 10.5 32 9,800 4.8 100 
IDS 0.264 m/s 10.7 33 10,600 5.1 300 
1D7 11.5 34 19,000 4.5 200 
TABLE 25. Individual pig leukocyte counts for Run 1 
Pig 
Differential count, percent i CAbsolute, cell/microliter) Neutrophil/ 
Neutrophils lymphocyte 
I.D. Conditions Band Segmented Lymphocyte Monocyte Eosinophil Basophil ratio 
1A3 33.3 C, 0 40.5(4,536) 53.5(5,992) 3(336) 3(336) 0 0.7570 
1A5 1.5(205.5) 44.5(6,096.5) 46(6,302) 8(1,096) 0 0 0.9674 
1A6 0.150 m/s 1(212) 52(11,024) 39(8,268) 3.5(742) 4.5(954) 0 1.3333 
1A7 0 43.5(3,610.5) 53(4,399) 3(249) 0.5(41.5) 0 0.8208 
IBl 29.4 C, 0 62(9,610) 33(5,15) 2(310) 3(465) 0 1.8788 
IBS 1.5(85.5) 18.5(1,054.5) 77(4,389) 3(171) 0 0 0.2403 
1B4 0.263 m/s 0 32.5(2,665) 63(5,166) 3(246) 1.5(123) 0 0.5159 
1B7 1.5(178.5) 43(5,117) 49(5,831) 3.5(416.5) 3(357) 0 0.8776 
ICI 33.3 C 0.5(55.5) 40(4,440) 57(6,327) 0.5(55.5) 2(222) 0 0.7018 
1C2 0.5(49) 27.5(2,695) 67.5(6,615) 3(294) 1.5(147) 0 0.4074 
1C3 0.363 m/s 1(112) 22.5(2,520) 74(8,288) 1.5(168) 1(112) 0 0.3041 
1C6 0 21.5(1,870.5) 72(6,264) 4.5(391.5) 0.5(43.5) 1.5(130.5) 0.2986 
1D2 23.9 C, 0 59(10,561) 34(6,086) 6(1,074) 1(179) 0 1.7353 
1D4 
0.264 m/s 
0.5(49) 35.5(3,479) 62(6,076) 1(98) 1(98) 0 0.5726 
IDS 0.5(53) 30(3,180) 67.5(7,155) 1(106) 0.5(53) 0.5(53) 0.4444 
1D7 0 32.5(6,175) 64.5(12,255) 0 3(570) 0 0.5039 
TABLE 26. Individual pig blood test results for Run 2 
Pig 
I.D. Conditions 
Hb 
g/deciliter 
PCV 
percent 
WBC 
cell/microliter 
Plasma 
Protein 
g/deciliter 
Pibrinogin 
mg/deciliter 
2A1 29.4 C, 12.1 37 12,800 4.5 300 
2A2 11.3 34 13,400 4.8 200 
2A4 0.261 m/s 12.5 37 15,300 4.3 100 
2A6 12.0 37 21,800 5.0 400 
2B4 35.0 C, 11.0 33 16,100 4.2 200 
2B5 11.9 35 20,700 3.7 200 
2B6 0.245 m/s 11.9 35 20,700 3.8 100 
2B8 8.9 27 14,200 3.7 100 
2C1 25.6 C, 13.0 39 21,600 4.4 300 
2C4 4.0 14 4,400 4.3 100 
2C6 0.357 m/s 10.1 31 18,500 4.6 100 
2C7 12.2 36 14,600 3.8 100 
2D1 25.6 C, 10.0 31 15,300 4.3 200 
2D3 10.0 31 11,800 4.1 200 
2D4 0.156 m/s 11.3 35 10,300 4.2 100 
2D7 12.8 39 • 15,000 4.6 100 
TABLE 27. Individual pig leukocyte counts for Run 2 
Differential count, percent (Absolute, cell/microliter) Neutrophil/ 
Pig 
I.D. Conditions 
Neutropniis 
Band segmented Lymphocyte Monocyte Eosinophil Basophil 
lymphocyte 
ratio 
2A1 29.4 C, 0 32(4,096) 63.5(8,128) 2(256) 1(128) 1.5(192) 0.5039 
2A2 0 32.5(4,355) 65.5(8,777) 1(134) 1(134) 0 0.4962 
2A4 0.261 ra/s 0 34.5(5,278.5) 62(9,486) 3(459) 0.5(76.5) 0 0.5565 
2A6 0 35(7,630) 56.5(12,317) 3(654) 4(872) 1.5(327) 0.6195 
2B4 35.0 C, 0.5(80.50) 40.5(6,520.5) 55.5(8,935.5) 2.5(402.5) 0.5(80.5) 0.7297 
2B5 0 57.5(11,902.5) 39(8,073) 2.5(517.5) 1(207) 0 1.4744 
2B6 0.245 m/s 0 49(10,143) 48(9,936) 1.5(310.5) 0.5(103.5) 1(207) 1.0208 
2B8 0.5(71) 45.5(6,461) 53.5(7,597) 0.5(71) 0 0 0.8505 
2C1 25.6 C, 0 55.5(11,988) 39(8,424) 4.5(972) 1(216) 0 1.4231 
2C4 0 24(1,056) 76(3,344) 0 0 0 0.3158* 
2C6 0.357 m/s 0 40(7,400) 57.5(10,637.5) 2.5(462.5) 0 0 0.6957 
2C7 0 44.5(6,497) 53.5(7,811) 2(292) 0 0 0.8318 
2D1 25.6 C, 0 43(6,579) 55(8,415) 1(153) 0.5(76.5) 0.5(76.5) 0.7818 
2D3 
0.156 m/s 
0 33(3,894) 60.5(7,139) 3(354) 3(354) 0.5(59) 0.5455 
2D4 0.5(51.5) 33.5(3,450.5) 61.5(6,334.5) 3.5(360.5) 1(103) 0 0.5528* 
2D7 0 40(6,000) 54(8,100) 3(450) 1.5(225) 1.5(225) 0.7407 
Blood clot in sample. 
TABLE 28. Individual pig blood test results for Run 3 
Pig 
I.D. Conditions 
Hb 
g/deciliter 
PCV 
percent 
WBC 
cell/microliter 
Plasma 
Protein 
g/deciliter 
Fibrinogin 
mg/deciliter 
3A3 25.6 C, 8.3 27 32,100 5.3 200 
3A5 12.2 37 16,800 5.6 100 
3A6 0.145 m/s 10.1 32 22,600 4.5 200 
3A7 8.8 28 15,300 4.8 100 
3B1 33.3 C, 11.3 34 15,700 5.3 100 
3B2 11.6 36 14,200 4.2 200 
3B3 0.153 m/s 12.1 36 19,200 4.3 100 
3B8 10.4 32 19,500 4.7 100 
3C3 29.4 C, 11.7 35 16,600 4.0 100 
3C4 8.8 27 16,900 5.8 100 
3C5 0.380 m/s 12.1 36 13,900 4.5 200 
3C7 11.8 36 18,200 5.0 200 
3D3 29.4 C, 12.3 37 18,200 4.6 100 
3D6 11.7 35 16,100 4.3 200 
3D7 0.241 m/s 11.4 35 17,200 4.7 100 
3D8 11.3 37 17,200 5.1 200 
TABLE 29. Individual pig leukocyte counts for Run 3 
Differential count, percent (Absolute, cell/microliter) Neutrophil/ 
Pig 
I.D. Conditions 
Neutropniis 
Band Segmented Lymphocyte Monocyte Eosinophil Basophil 
lymphocyte 
ratio 
3A3 25.6 C, 2(642) 50(16,050) 45.5(14,605.5) 2(642) 0.5(160.5) 0 1.1429 
3A5 1.(252) 42.5(7,140) 52(8,736) 3(504) 1(168) 0 0.8462 
3A6 0.145 m/s 0.5(113) 45.4(10,283) 51.5(11,639) 1.5(339) 1(226) 0 0.8932 
3A7 1(153) 40(6,120) 58(8,874) 0.5(76.5) 0.5(76.5) 0 0.7069 
3B1 33.3 C, 1(157) 38.5(6,044.5) 58(9,106) 1(157) 1.5(235.5) 0 0.6810 
3B2 1.5(213) 34.5(4,899) 62.5(8,875) 1.5(213) 0 0 0.5760 
3B3 0.153 m/s 1.5(288) 30(5,760) 65(12,480) 2.5(480) 1(192) 0 0.4846 
3B8 1.5(292.5) 43(8,385) 53(10,335) 1.5(292.5) 1(195) 0 0.8396 
3C3 29.4 C, 2(332) 34(5,644) 61.5(10,209) 1.5(249) 1(166) 0 0.5854 
3C4 1(169) 39(6,591) 58(9,802) 1.5(253.5) 0.5(84.5) 0 0.6897 
3C5 0.380 m/s 0 32.5(4,517.5) 65(9,035) 2.5(347.5) 0 0 0.5000 
3C7 1.5(273) 32.5(5,915) 63.5(11,557) 1(182) 1.5(273) 0 0.5354 
3D3 29.4 C, 1.5(273) 18(3,276) 78.5(14,287) 2(364) 0 0 0.2484 
3D6 
0.241 m/s 
0.5(80.5) 44(7,084) 53.5(8,613.5) 2(322) 0 0 0.8318 
3D7 0 24.5(4,214) 72.5(12,470) 2.5(430) 0.5(86) 0 0.3379 
3D8 0 39(6,708) 59(10,148) 1(172) 1(172) 0 0.6610 
TABLE 30. Individual pig blood test results for Run 4 
Pig 
I.D. Conditions 
Hb 
g/deciliter 
PCV 
percent 
WBC 
cell/microliter 
Plasma 
Protein 
g/deciliter 
Fibrinogin 
mg/deciliter 
4A1 25.6 C, 8.1 29 13,600 4.0 200 
4A2 8.8 32 9,600 4.1 200 
4A6 0.359 m/s 10.0 35 15,400 4.2 100 
4A7 10.4 34 14,600 3.8 100 
4B2 33.3 C, 9.5 30 6,200 4.1 100 
4B3 10.0 34 12.300 3.7 100 
4B6 0.360 m/s 10.1 34 12,300 3.8 100 
4B7 9.5 32 10,600 3.7 200 
4C2 29.4 C, 10.1 35 14,600 4.1 300 
4C3 9.7 33 12,100 4.0 200 
4C6 0.249 m/s 8.8 30 7,500 3.4 100 
4C8 9.9 32 8,400 3.5 200 
4D2 29.4 C, 9.6 33 16,300 3.8 200 
4D3 9.5 31 15,300 4.1 300 
4D4 0.119 m/s 9.8 32 6,100 4.1 200 
4D6 8.4 28 9,400 4.2 500 
TABLE 31. Individual pig leukocyte counts for Run 4 
Differential count, percent (Absolute, cell/roicroliter) Neutrophil/ 
Pig Neutrophils lymphocyte 
I.D. Conditions Band Segmented Lymphocyte Monocyte Eosinophil Basophil ratio 
4A1 25.6 C, 0.5(68) 37.5(5,100) 58.0(7,888) 1.5(204) 2(272) 0.5(68) 0.6552 
4A2 0 34(3,264) 62.5(6,000) 3.5(336) 0 0 0.5440 
4A6 0.359 m/s 2.5(385) 53(8,162) 37.5(5,775) 5.5(847) 1.5(231) . 0 1.4800 
4A7 1(146) 63.5(9,271) 31.5(4,599) 2.5(365) 1.5(219) 0 2.0476 
4B2 33.3 C, 2(124) 23(1,426) 69.5(4,309) 5.5(341) 0 0 0.3597 
483 
0.360 m/s 
1.5(184.5) 39(4,797) 52.5(6,457.5) 4(492) 2.5(307.5) 0.5(61.5) 0.7714 
4B6 0.5(61.5) 31(3,813) 62.5(7,687.5) 5.5(676.5) 0.5(61.5) 0 0.5040 
4B7 0 13.5(1,431) 81(8,586) 4(424) 1.5(159) 0 0.1667 
4C2 29.4 C, 3(438) 53.5(7,811) 36.5(5,329) 5.5(803) 1.5(219) 0 1.5479 
4C3 0.5(60.5) 46.5(5,626.5) 46.5(5,626.5) 2(242) 4.5(544.5) 0 1.0108 
4C6 0.249 m/s 0 36.5(2,737.5) 61(4,575) 2.5(187.5) 0 0 0.5984 
4C8 0 23.5(1,974) 69.5(5,838) 3.5(294) 3.5(294) 0 0.3381 
4D2 29.4 C, 0.5(81.5) 38.5(6,275.5) 56(9,128) 4(652) 1(163) 0 0.6964 
4D3 
0.119 m/s 
0 42.5(6,502.5) 50.5(7,726.5) 6(918) 1(153) 0 0.8416 
4D4 0 30.5(1,860.5) 66(4,026) 1.5(91.5) 2(122) 0 0.4621 
4D6 0 31.5(2,961) 64.5(6,063) 3.5(329) 0.5(47) 0 0.4884 
